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PREFACE. 



FELLOW TEACHERS, can we not contrive to teach Arithmeti« 
80 as to leave some time in our Public School course for some- 
thing else? Do we need Two Species of Arithmetic? Is it abso- 
lutely necessary that pupils go through from four to six different 
volumes to obtain a respectable knowledge of this subject? If we 
must continue to take one-third of the time spent in school, for 
eight or ten years, to teach the Arithmetic which is necessary to a 
good English Education, my attempt in preparing this volume is 
futile, and you need read no further. But, if you agree with me, 
that after a child has learned to count, aud knows the elementary 
combinations of the digits, i. e., the Addition, Subtraction, Multipli- 
cation, and Division Tables, he can leai-n all the Arithmetic, of all 
kinds, mental, written, theoretical, practical, philosophical, com- 
mercial, etc , etc., that is necessary to a good common school edu- 
cation, or that is consistent with a well-balanced course, by pur- 
suing Arithmetic as one of his studies for from Three to Six Tears, 
according to hU maturity, then please examine the following pages. 

In Graded Schools this book will follow the Author's Primary; 
but it is so constructed that it may be used alone vith entire satis- 
faction in our rural or district schools, where but a single book is 
practicable. It contains all the Arithmetical topics which can prop- 
erly or profitably be included in a common school course. (See 
*' Contents.") 

There is no important process of analysis usually given in our 
Mental Arithmetics, which is not to be found in this treatise, but 
not in detached places. Tlie analytical methods of our old mental 
arithmetics have been assimilated and made the foundation of the 
more mechanical and formal methods which have been called 
Written, or Practical Arithmetic, 

The plan of the book recognizes the growth in mental power 
which ought to be presumable in the three years during which this 
Qubject will constitute one of the pupil's studies in school, There 
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are Three Stages of mental development which, in our elementary 
teaching, we do well to mark : 

1. The earliest staffer — in which the faculties chiefly exer- 
cised are observation (perception) and memory. At this stage the 
pupil is neither competent to formulate thought, nor to derive bene- 
fit from abstract, formal statements of principles, definitions, or pro- 
cesses. 

2. An intermediate stage^ — in which the reasoning fac- 
ulties (abstraction, judgment) are coming into prominence. At this 
stage the pupil needs to be shown the truth, so that he has a clear 
perception of it, hefore a formal, abstract statement is presented to 
him. But the work is not concluded until he can state the truth 
(definition, principle, proposition, rule) intelligently, in good lan- 
guage, and in general (abstract) terms. 

8. The ultimate stage ^ — or that in which the mental powers 
are so matured and trained that one is competent to receive truth 
from the general, abstract, or formal statement of it. At this stage, 
definitions, principles, propositions, and statements of processes 
may be given firsts and illustrated, demonstrated, or applied after- 
ward. 

The period cdvered by the study of this book is presumed to be 
the second, and an entrance upon the third. Hence, in the first 
part, all definitions, principles, and rules follow an inductive pro- 
cess of which they are a condensed statement. At first, no more 
formal demonstrations are given than are included in these induc- 
tions (see Fundamental Rules). But, as we proceed, the inductions 
are less extended, and the formal demonstrations are more relied 
upon (see Common Fractions); until, finally, the inductions are 
dropped entirely (see Denominate Numbers, et sq.), and the for* 
mal statement is made at the outset and followed by the appro- 
priate illustration, application, or demonstration. 

Again, at first, the pupil is not presumed to be capable of making 
definitions, or rules ; but, as he proceeds, he is occasionally required 
to write the rule for himself (in subordinate cases first), and, finally, 
to write both rule and demonstration in due form, after the subject 
has been fully developed (see pp. 139, 143, 152, 221, 294). And 
still again, some subjects are treated exclusively upon the analyti- 
cal method used in our mental arithmetics, without any allusions 
whatever to formal rules and demonstrations (see pp. 240-244, 271- 
275, 275-278). Thus that variety of discipline is secured which is 
indispensable to good training. 

Few rules, and such as are comprehensive and practical, is a 
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motto wHch has been closely adhered to. (See Common Fractions, 
Denominate Nambers, Business Roles, etc.) 

While the book furnishes an unusually large number of exer- 
cises, for both oral and written work, a Teachefs ffand-Book of 
ArUhmetical Exercises yfill 2iC/oomi^Qjiy it, which will be found to 
furnish abundant exercises for mental (oral) and written drill in the 
class-room, as well as afford means from which the teacher can draw 
in extending the several topics when he finds it expedient. 

As this book does not 'assume to be a scientific treatise, no 
attempt is made at Synoptical Analyses. These must be based upon 
a philosophical treatment, or be caricatures. Yet, notwithstanding 
this practical character of the work, it will be found that the several 
subjects presented are thoroughly analyzed, and that no principle 
or process is given that is not accompanied with a thoroughly 
logical exposition. The same principle which has given form to 
other members of this series will be found to have moulded this ; 
viz., that it is of far more importance that a pupil he trained to think, 
than that he become simply expert in solving problems. 

A specimen Teacher's Analysis will be found on the next page. 
It is given as an illustration of what the Teacher needs to make and 
to fix in his mind, as a basis for questioning the class, or for teach- 
ing each subject. 

Thus have I attempted to put in compact form a thoroughly 
practical and at the same time a logical exposition of the elements 
of Arithmetic, in the full belief that by such a treatment a better 
knowledge of Arithmetic can be attained, in much less time, and at 
less cost for books, than has been done by the methods which have 
prevailed for years past Whether I have been successful or not, 
the judgment of my fellow-teachers, and the test of the class-room 
must determine ; to these I hopefully commend the book. 

EDWARD OLNEY. 
Ann Abbob, June 1, 1S75. 



ITiis Enlarged Edition has been greatly enriched in the 
Business Rules (see pp. 245-315, 351-358), Denom. Nos. and problems 
in Mensuration (see pp. 193-213, 358-361), and by a very copious 
list of drill and test exercises in Fractions (see pp. 348-351). More 
practical cases are provided for in D-scount than in any other 
treatise known to the author. Arts. 195, 283, 271, 807, as well as 
problems 6-9, pp. 284, 285, and problems &-15, pp. 292-294, present 
exceedingly practical matters not heretofore found in our common 
arithmetics. 
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TEACHER'S ANALYSIS. 



8T7BJECT OF CHAFTEB.— Fundamental Principles and Rules. 

SECTION I.— Reading numbers is taught in F(mr 8t0p9, 
FiBST Step. What numbers and figures are. 
Second Step. How numbers are grouped. 

Thiiu) Step. To read numbers represented by two or three figures each. 
FouBTH Step. To read numbers represented by more than three figures each. 

SECTION n.— Writing numbers is taught in Three Steps, 
First Step. To write any number less than 10. 
Second Step. To write any number less than 1000. 
Thibd Step. To write any number whatever. 

SECTION in.— Addition is taught In flte Steps. 
First Step. To add a number not exceeding 9 to a greater or equal number 

not exceeding 9. 
Second Step. To add a number not exceeding 9 to another less than itself. 
Third Step. To memorize the Addition Table. 
Fourth Step. To add a number represented by one figure to one represented 

by two figures. 
Fifth Step. To add a column of figures. 
Sixth Step. To add numbers represented by several figures each. 

SECTION IV.— Subtraction is taught in Three Steps. 
First Step. To ascertain the remainder when any number represented by one 

figure is taken from one not less than itself, but less than itself + 10. 
Second Step. When minuend and subtrahend are each represented by several 

figures, and no figure in the subtrahend exceeds the figure in the same 

order in the minuend. 
Third Step. When there are figures in the subtrahend which exceed those of 

the'like orders in the minuend. 

SECTION v.— Multiplication is taught in Six Stet)s. 
First Step. To ascertain the product when any number not greater than 12 is 

multiplied by any number not greater than itself. 
Second Step. To ascertain the product when any number not greater than 12 

is multiplied by any number greater than itself, but less than 12. 
Third Step. Three Principles on which the general problem is based. 
Fourth Step. When multiplicand has several figures, and multiplier but one. 
FiPTH Step. When the factors are represented by several figures each. 
Sixth Step. When there are O's at the right of both fectors. 

SECTION VI.— Division is taught in Seven Steps. 
First Step. Definitions and how to make the Division Table. 
Second Step. Two ftindamental principles. 
Third Step. Short Division. 

Fourth Step. To find bow many times a large divisor is contained In a num- 
ber less than 10 times itself. 
Fipth Step. Long Division. 
Sixth Step. To divide by 10, 100, 1000, etc. 
Seventh Step. To divide by a composite number. 
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CHAPTER I. 

FUNDAMENTAL PRINCIPLES AND RULES. 




SECTION I. 

READIJTG JVUMBESS. 



FIRST STEP.* 

WJiat Jfumbers and Figures are, 

1. A Unit ia one. 

How many units are there In three ? How many In eight t In 
oner In six T 

Z. Number is an answer to the qnestion. How many ? 
A unit, or any collection of nnita, is a nnmber. 

• Tbees tfqM are not tUngB to be learned by the pnpll, bat are lite divlBloDB 
ef tbe anbjecls to be marked bj the teacher. Thna the pupil U to Imov JInt, 
WbM Diimben and flEorea are ; teamd. Bow the; are grouped, etc. 
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1. Is six a number? Why.? 

Answer, Six is a number because it is an answer to tbe ques- 
tion. How many ? 

2. Is fifteen a number ? Why ? Is one a number? Why ? 

3. Arithmetio is the elementaiy branch of the 
science of number. 



4. Figxires are characters used to represent numbers. 
There are ten figures, viz., 

0, 1, 2, S, 4, 5, 6, 7, 8, 9. 

6. The last nine of these figures are called Digits, 
and the first, 0, is called Zero, or Cipher." 

6. The name of any digit, and the number of units 
which it represents are the same. Hence to read a num- 
ber represented by a single figure, simply pronounce the 
name of tfie figure. 

What is the name of this digit, 6 ? How many units does it 
represent? What is the name of this, 7 ? How many units does it 
represent? Is a digit? 

7. The Value of a figure is the number which it 
represents. 

What is the value of 8 ? Of 6?' Of 1? Of 7? 

8. Zero, 0, is an auxiliary * character, and in itself 
has no yalue. Wben it stands alone it %\gm&Q^ naughty or 
nothing ; that is, no number. 

The digits are often calfed Significant Figures, because they 
signify something, that is, some number, when standing alone. 

^ Ancillary means helping. The character is called an anziliary character 
hecanse it hdps the digits in representing certain other numbers « as 10. tOO, 80» 
SOP, etc 



HOW J^UiUmUH ABU GBOUPSD. 

SEJCOWD STKP. 
How Numbers are Grouped. 




1. Here are three children potting up counters in pack- 
ages. The girl at the right is Mary. She is putting them 
np in packages, as the doctor puts np powders. She puts 
np ten counterB in each package. 

The boy, George, puts up larger packt^es. He puts ten 
of Mary's packages in one of his. See what a pile he has 
at his right. 

The other girl is Jane. She is putting up Geoi^ge's 
packages into bundles, with ten of George!s packages in 
each of hers. What large packages Jane makes I 

3. How many counters are there in one of Mary's pack- 
ages? What, then, are Mary's packages ? Answer, Tens. 

3. How many tens are there in one of George's pack- 
ages? 

How many single counters are there in one of George's 
packages? 
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What, then, are George's packages? Answer, Hun- 
dreds. 

4. How many packages of hundreds are there in one of 
Jane's packages ? We call ten hundreds a thousand. 

What, then, are Jane's packages ? 

5. How many units * make one ten f 

6. How many tens make one hundred f 

7. How many hundreds make one thousand f 

8. How many hundreds are there in a thousand ? 

9. How many tens are there in a hundred ? 
10. How many units are there in a ten ? 

9. Numbers are grouped into tens, and this way of 
grouping them is called the Decimal System. 

Decimal means by tens ; so tkat Decimal System means 
a system by tens. 

Principle. 

10. Wlien figures are written side hyside, like the letters 
of a word, and tmthout any other marks, the right-hand 
figure represents units, the next one TEifS, and the next 

HUNOEEDS. 

1. In 485 which figure represents units ? 

Which figure represents tens ? 

Which figure represents hundreds? 

8. In 485 which figure represents the packages of count- 
ers which George puts up ? What are these ? 

Which figure represents the packages which Mary puts 
up ? What are these ? 

Which figure represents single counters ? 

♦ It will be best to confine the use of the word units to its primary ftignlflca- 
Uon. To introduce the idea of units of different orders will only conftise. 
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3. In 728 which figure represents hundreds ? How 
many hundreds does it represent ? 

Which figure represents tens ? How many tens ? 
Which figure represents units ? How many units ? 

4. Name the hundreds, tens, and units represented in 
467. This is done thus : 4 hundreds, 6 tens, and 7 units. 

5. Name the hundreds, tens, and units in 582. In 741. 
In 777. In 981. In 222. In 111. In 342. 



THIRD STEP. 



Maiding Numbers represented by Two or Tliree 

Mgures. 

To Read a Number represented by two Figures when the left 

hand figure is L 

1 1 . Rule. — Tf represented thus, 10, read teis", since om 
in the second place means one ten (10). 

If represented thusy 11, read eleven.* 

If represented tJiuSy 12, read twelve.* 

In all other cases pronounce the number in units place 
first and then say tbek — signifying ^^and ten^^; observing 
to contract three to THin,five to fif, and eight to eigh. 

1. How is 13 read ? What does the thir mean ? "What 
the teen ? How many tens in 13 ? How many units ? 



♦ The wordfl eleven and ttoelve are of Saxon origin, and their etymological eig- 
nilicance is not recognizable by a mere English student. Eleven is from an old 
Saxon word einrl^^ which some Bay signified <me4eft^ i. «., ten and one more ; 
and others make lif equivalent to teen^ so that eleven would mean (me-4een^ as 
thirteen means three-teen. The etymological significance of twelve is disposed 
ofin like manner. 
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2. Bead the following, teUing what the word for each 
number means : 

13, 17, 16, 11, 15, 14, 12, 10, 18, 19. 

3. In reading the numbers from 10 to 19, which do you 
name first, the tens or the units ? 



1. How many tens, and how many units are represented 
by 20 ? Answer^ Two tens and no units. So 20 means 
2 tens, or twenty. 

Observe that the ttoen means two, and the ty tens. In onr read- 
ing of numbers we have, therefore, three expi'essions for ten, viz., 
ten, teen, and ty. 

2. Bead as above and explain the meaning of the words: 

50, 40, 80, 70, 60, 90, 30. 



1. How many tens and how many units are represented 
by 23 ? What are two tens called ? 

Then 28 is twenty (or two tens) and three : leaving out the and, 
we read it twenty-three. 

To Read a Number represented by two Fignires when the left 

hand figure is any other than 1« 

12. Rule. — Pronounce the number of tens first, con^ 
tracting the word tens to ty,two to twbn,thbee ^thib, 
FOUB to FOB, FIVE to FiF, and EIGHT to EiGH ; then pro- 
nounce the number of units. 

4. Bead the following, giving the meaning of each 
expression : 54, 73, 82, 48, 71, 32, 23, 56, 65, 33, 55, 91, 
98, 36, 43, 34, 41, 21, 26, 62, 78, 64, 31, 71, 17, 50, 13, 80, 
61, 16, 81, 18, 88, 99, 47, 74, 96, 69, 79, 89, 77, 51, 15, 28, 
68, 86. 

Since eigh is the contraction for eigJd, and ty for tejis, 86 is read 
eighty-six. 
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1. In 576 what does the 6 represent ? 

What do the other two figures taken together repre- 
sent ? Then how do we read 576 ? 
Answer, Five hundred seventy-six. 

2. In 700 how many hundreds are represented ? How 
njany tens ? How many units ? 

If there are no tens or units represented in 700, and 
there are 7 hundreds, how will you read it ? 

3. In 503 how many hundreds are represented ? How 
many tens ? How many units ? Then how is 503 read ? 

Answer, Five hundred three. 

To Read a Number represented by Three Figures. 

13. Rule. — Pronounce the number of hundreds firsty 
and then read the other two figures as directed in the pre- 
seding rules. 

4. Bead the foUowing: 834, 235, 482, 576, 821, 763, 
222, 343, 988, 889, 898, 888, 111, 644, 446, 279, 927, 972, 

5. Bead 708, 604, 303, 101, 105, 107, 109, 408, 404, 802, 
801, 703, 602, 808, 609, 708, 906, 507, 801, 108, 406. 

6. Bead 530, 640, 760, 990, 810, 960, 870, 440, 110, 250, 
340, 820, 910, 750, 450, 340, 880, 730, 690. 



14. The groups of ten each into which numbers are 
collected are called Ordees. 

We have now become acquainted with Units Order, 
Tens Order, and Hundreds Order, and have seen that ten 
hundreds make a thousand, which is the next higher 
order. 

Bx. In 6827 what order is 7 in ? What 2 ? 8 ? 6 ? 

[niustrate by the packages of counters as in the picture, page 3.] 
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FOURTH STEP. 

Beading Numbers represented by more than Three 

Figures. 

15. When we wish to read a number represented by a 
large number of figures, as 764312895, we first point tlj^e 
figures off into sets by putting a comma between the third 
and fourth, sixth and seventh, etc., that ib, after every 
third figure from the right. 

16. Each set of figures thus pointed off is called a 
Pebiod. Each period, except the one at the left, must 
have three figures in it. The left-hand period may have 
one, two, or three figures in it. 

17. The second period from the right is called 2%om- 
sands Period ; the next, or third from the right, is called 
Millions Period; the next, or the fourth from the right, 
is called Billions Period.* 

1. What is the thousands period in 467312896 ? 

Answer^ 312. 
What is the millions period ? Answer, 467. 

2. What is the billions period in 24876403287? 

Answer, 24. 

3. What is the thousands period in the last number ? 
\VTiat the millions? 

4. Point off 53212671. What is the number which 
stands in millions period ? What in thousands period ? 

5. Point off 3412756, and then name in order the num- 
ber standing in each period, beginning at the left. 

When pointed off, this is 3,412,756. 

* The snccessive periods beyond billions are trillions, qnadriUlonB, qointlllionf , 
i>extillions, septiUions, and octillions, etc. 
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Hence we read 3 million, 412 thoasand, 756. 

6. Point off and read 245642. 
When pointed off, this is 245,642. 
Hence it is read 245 thousand, 642. 

7. Point off and read 50300806. 

This is read 50 million, 300 thousand, 806. 

8. Point off and read the following numbers : 

348256 12350246710 452506481835 

2957643 881100604 2648300500 

54203 18203700 30825605100 

9. Bead 2070582. What are the figures in thousands 
period ? Answer, 070. How much does 070 represent ? 
How many units ? How many tens ? How many hun- 
dreds ? When these three figures, 070, stand alone and in 
this order, what more do they represent than 70 ? 

If 070 is only 70, might we not omit the before the 7 
in the number 2070582 without altering the value ? Why 
not? Eead 270582. Read 2070582. Are they the same ? 

To Read a Number represented by more than Three Figures. 

18. Rule. — First separate the number into periods, by 
placing a comma before every third figure from the right. 
Then, beginning at the left, read the number in each period 
in succession according to the rtde for reading a number 
represented by three figures, and after the number repre- 
sented in any period, pronounce the name of that period. 
Pass over periods filled by zeros in silence. 

Examples for Practice. 

Point off and read the following : 
21050707 505050 700000 3003000001 

283004005 5050505 1500000 5000011006 



ID 
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aoooaoo 


5010210 


2000004 


6000000112 


60034 


63457 


11111111 


60000000 


4785 


8888888 


223344 


4260000 


124080 


30608 


4375682 


4008000 


340077 


400000 


370000 


70060080 


3000010 


7200000 


20009 


600000008 


The last is 


pointed off tl.us 


: 600,000,008; 


and read six 


hundred luilliou, eight 







19. Numeration is naming the orders of the figures 
in a number for the purpose of reading it.* ^ 

The following table will show the names of the orders 
and of the periods at a glance : 

Numeration Table. 



QQ 

o 



PQ 



o 






d 

o 

H 



QQ 

• r-l 



■ Names of the Periods. 



85 3, 42 6, 57 4, 319 Number. 



QQ QQ QQ 
P d d 

o o o 

(—1 »— • p— t 
I— I p— I p-^ 

o. o 

QQ QQ 

C3 



M 



QQ QQ QQ 

P P P3 
O O Q 



ass 
•S'S 

QQ DO 

fl 



W 



ca 

OQ 
P 
O 



08 

QQ 

P 

o 



QQ QQ QQ 

itJ fX3 n3 

^ € p 
p 

o 

.P J3pp 

P 
p 



w 



QQ QQ QQ 

P ^ 

P 

M 



Names of the Orders. 



* It will be observed that we have taugl.t how to read nambers withont the 
UBC of the old process of •* numerating." Nevertheless, it is important for the 
pupil to get the view of the relatious of the periods and orders which this process 
gives. 
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1. ^umeratey that is^ name the orderg in 72156437851^ 
beginning at the right 

2. Numerate the following: 

421561304 142345685087 426005832 

31020567 32564875190 31110050 

Principle. 

20. In the Decimal System 10 of any order always 
makes one of the next higher order^ and a thousand of any 
period always makes one of the next higher period. 

1. How many tens make a hundred ? 

2. How many hundreds make a thousand ? 

3. How many thousands make a tens-of -thousands ? 

4. How many tens-of-thousands make a hundreds-of- 
thousands ? 

5. How many thousands make a million ? 

6. How many millions make a billion ? 

7. How many billions make a tens-of -billions ? 

8. How many tens-of-billions make a hundreds-of- 
Millions ? 

21. Two very important practical observations are to be 
made in closing this section. 

1. Any number of figures at the right may fo read as so 
many units. 

2. Any number of figures at the left may be read as so 
many of the lowest order of those figures. 

Thus in 2536: 1. We may consider the 3 and 6 as 
representing 36 units ; for 3 tens and 6 units are 36 units. 
In like moaner, the 5, 3, and 6 may be considered as 536 
nnits^ since 5 hundreds, 3 tens, and 6 units make 536 
units. 2. The 25 may be considered as 25 hundreds, for 
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2 thousands and 5 hundreds make 25 hundreds. So also 
the 253 may be regarded as so many tensy since 2 thou- 
sands^ 5 hundreds, and 3 tens make 253 tens. 

Ex. Explain in this manner the various ways in which 
the following may be read: 

348, 4285, 785401, 600820. 

[The teacher cannot be too careful to etee that these ideas are 
clearly perceived and firmly fixed. They are at the foundation of 
most of the operations in the fundamental rules.] 



SECTION n. 

WBITIJ^G JTUMBEBS. 

FIRST STEP. 

To Write in Figures any Number leas than 10. 

22. Simply write the figure of the same nams as the 
numler, 
1. Write seven, nine, six, four, nine, and two in figures 



SECOND STEP. 

To Write any Number less tJian 1000. 

1. Write in figures seven hundred forty-six. What is 
the highest order mentioned? How many are there of 
this order ? What is the next lower order? How many 
of this order are there in the number to be written ? How 
many of the next lower order are there ? . 
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To Write in Figures any Number less than 1000. 

23. Rule. — First consider what is the highest order to 
be represented, and write the figure representing the re- 
quired number of this order. Tlien consider how many 
are to he represented of each of the lower order s^ and write 
the figures representing each of these at the right, tens 
occupying the first place at the right of hundreds, and 
units the next, or right-hand place. When the number 
lacks any order lower than the highest, the corresponding 
pla4)e is to be filled with a 0. 
2. Write in figures the following numbers : 
forty-eight, eighty-two, seventy-four, 

sixty-three, thirty-one, seventy-seven, 

ninety-seven, fifty-five, forty-four. 

8. Write in figures the following numbers; 

four hundred thirty-five, 
seven hundred twenty-eight, 
three hundred sixty-two, 
one hundred thirty-four, 
two hundred twenty-six, 
nine hundred forty-one, 
seven hundred seventy-seven, 
one hundred eleven, 
five hundred fourteen, 
eight hundred thirteen, 
two hundred twelve, 
three hundred thirty, 
seven hundred seventeen. 
4. Write six hundred; five hundred; eight hundred; 
three hundred. Which orders will be filled with zeros in 
writing these numbers ? Why ? 
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5. Write four hundred twenty; seven hundred fifty; 
six hundred seventy ; two hundred eighty. Which er^er 
will be filled with a zero in writing these numbers? 
Why? 

6, Write four hundred seven, 

six hundred twenty, 
eight hundred one, 
three hundred thirty, 
one hundred seven, 
one hundred ten, 
five hundred fifty-five. 

In writing these numbers, what order will be filled by a 
zero ? Why ? 

24. This method of writing numbers in figures is often 
tailed th« Arabic Notation, and the ten figures used 
ure called Arabic Characters. 

[TMs is because these figures were introduced into Europe by 
tlie Moors, or Arabs, and were then thought to have been invented 
by the Arabs. It is now known that they came from farther East, 
\^erhaps from Thibet.] 

£^xamptes for Practice. 

1. Write all the numbers from one to two hundred. 

2. Write the following: 

three hundred fifty-six, 
two hundred twenty-two, 
seven hundred ninety, 
seven hundred nine, 
seven hundred ninety-nine, 
six hundred, 
six hundred five. 
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six hundred fifty, 
six hundred fifty-four, 
eight hundred eighteen, 
nine hundred sixteen, 
seven hundred, 
seven hundred five, 
seven hundred sixiy-five, 
three hundred eighty, 
three hundred eighty-eight, 
six hundred sixty-six. 

3. Write all the numbers from four hundred to six 
hundred. 

4. Write all the numbers from three hundred twenty- 
six to five hundred forty-two. 

5. Write as many different numbers as you can with 
the three digits 5, 8, and 3, and read them. With 6, 4, 
and 2. 1, 3, and 9. 7, 0, and 2. 6, 0, and 0. 

[The teacher can readily multiply exercises of this kind at 
pleasure.] 

THIRD STEP. 

To Write any Nuinber whatever, 

1. In seven hundred thirty-five million, four hundred 
ninety-two thousand, two hundred thirty-six, how many 
periods are there ? What are their names ? 

How many millions are there ? Write in figures the 
number of millions. 

How many thousands are there ? Write in figures the 
number of thousands, placing it at the right of millions. 

How many are now left of the number to be repre- 
sented ? Write this at the right of thousands. 
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Thus we have 735,492,236. Bead this number. 

2. In seventy-two thousand five hundred twenty-eight, 
how many periods are there ? What are their names ? 

How many are there in thousands period ? 

How many are there in units period ? 

Write the number of thousands. 

At the right of the thousands write the number required 
in units period. 

To Write in the Arabic Notation any Number whatever.* 

25. Bule. — Note the highest period mentioned in the 
numier, and tvrite the number required in this period 
according to (33). Then note the next loioer period men- 
tionedy and write in like manner the number specified in 
it. Thus continue the operation till the entire number is 
written^ observing to Jill toith zeros any periods ox orders 
which toould otJiermse be vacant. 



Mxamples for Practice. 

1. Write twenty-three million, four hundred fifty-six 
thousand, five hundred thirty-nine. 

2. Write forty-five thousand, seven hundred sixty. 

3. Write seventeen billion, one hundred eighty-one 
million, ^\s^ hundred sixty-two thousand, two hundi-ed 
seventy-eight. 

4. Write four thousand, one hundred four. 

5. Write seventy-five thousand, seventy-five. 



* Wben the word number is thus used, a whole number is usually implied. 
The pupil will get no other idea from it at this stage of his progress. 
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6. Write six hundred five thousand, one hundred 
twenty-three. 

7. Write eight hundred seventy-two thousand, five 
hundred twelve. 

8. Write nine million, seven hundi*ed sixty-five thou- 
sand, four hundred thirty-two. 

9. Write three hundred forty million, forty-three thou- 
sand, five hundred sixty-seven. 

10. Write three hundred seventy-four billion, four hun- 
dred thirty-eight million, eight hundred sixty-two thou- 
sand, eight hundred forty-seven. • 

11. Write seventy-two million, eighty-three thousand, 
twenty-geven. 

12. Write seventeen thousand, seventeen hundred seven- 
teen. 

13. Write 2 hundred 89 million, 1 thousand. 

14. Write one million, one thousand, one. 
16. Write ten million, ten thousand, ten. 

16. Writ6 one hundred sixty-seven thousand, nine hun- 
dred thirty-eight. 

17. Write ten biUion. 

18. Write 4 hundred 69 billion, 9 hundred 31 million, 7 
hundred seventy-seven. 

19. Write nine hundred ninety-nine million, nine hun- 
dred ninety-nine thousand, nine hundred ninety-nine. 

20. Write one hundred two billion, two hundred thou- 
sand, seven. 

21. Write 3 hundred forty-seven million, 5 hundred 
twenty-one thousand, 8 hundred ninety-six. 

22. Write 10 billion, 2 hundred 47 million, 327. 

23. Write 3 hundred 4 thousand, 26. 

24. Write 504 billion, 627 million, 17 thousand, 2. 
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25. Write 12 million^ 8 thousand^ six. 

26. Write two hundred sixty-one billion, five hundred 
seventy-eight million, nine hundred thirteen thousand, one 
hundred twelve, 

27 Write ten million, ten. 

28. Write 1 million, 1 thousand, 1 hundred 1. 

29. Write twenty-two million, two hundred twenty-two 
thousand, two hundred twenty-two. 

30. Write 1 hundred 1 thousand, 2 hundred 2. 



SECTION m. 

THE BOMAJ^ J^OTATIOJf* 

26. Dates, numbers of sections and chapters, and of 
the pages of an introduction to a book, are often repre- 
sented by the seven letters 

I, V, X, L, C, D, M. 

27. When used to represent numbers, the values of 
these letters are as follows : 

I, one; Vy five; X, ten; L, fifty; C, one hundred; D, 
five hundred; and M, one thousand. 

28. This method of representing numbers is called the 
EoMAN Notation. 

To Read a Number represented by the Ronum Notation. 

29. Rule. — Add the values of the letters, observing 
that when a letter is followed by one of greater value 

* This section ie pbced here in deference to custom. It should be omitted by 
pupils unacquiLinted with addition and subtraction until they have studied tho8« 
Bnbjccts. 
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than itself y the difference between these two is to be taken 
in making up the same. 



Examples for Practice. 

1. Bead XXVin. 

SuggeBtion. X is 10 ; V, 5 ; and I, 1. Then adding the values 
of aU the letters, we have 28. Hence XXVIII is 28. 

2. Bead XIX 

Suggestion.— Here the I before X diminishes the valne of the 
latter making IX mna. Hence XIX is 10 and 9, or 19. X, 10. 

3. Bead MDCCXLVHI. 

Suggestion.— Here we have 1000, 500, 100, 100, 40 (the XL is 40), 
5, 1, 1, and 1. Adding these, there residts 1748. 

30. By observing what orders are represented, we can 
read such expressions at sight. 

4. Bead MMDCCCLXXVII. 

Suggestion. — ^Here the two M^s represent thouMnds ; D and the 
three C*s, hundreds; L and the two X's, tens; V and the two Fs, 
units. Hence we read 2 thousand, 8 hundred seventy-seven. 

5. Bead the following : 



I. 


MDCCCLXXV. 


XIV. 


IV. 


MMCCXXIL 


XXIX. 


LX. 


CXL. 


XXXTV. 


vni. 


MOCVITL 


XLVIIL 


XX. 


XLV. 


OCLXXI. 


XL. 


MDCXXVII 


MMCLVm. 


XXX. 


MCDXCII. 


MDCCCXL. 


LXXX. 


IV. 


MDCXX. 


CII. 


. V. 


III. 


vn. 


XIX. 


L. 



20 FUNDAMENTAL PRINCIPLES. 

. vin. xxxviii. ui. 

IX. XL COCXLIX. 

DVI. MMMDOCLXXXI. XXXIX. 



To Write any Number less than Four Thousand, m the Roman 

Notation. 

31. Rule* — I. Write the letter of highest value which 
does not exceed the number to be tvritten. Repeat this 
letter as many times as possible without exceeding tha 
number. 

II. Observe how much remains to be represented, and 
treat it in the same manner, annexing these letters to the 
former^ Continue this process till the entire number is 
represented. 
Observing that 

rv is written instead of IIII for four, 
IX « " Vim for nine, 

XL " " XXXX for forty, 

XC " " LXXXX for ninety, 

CD " '' CCCC for four hundred, 

CM " " DCCCC for nine hundred; 

that is, no letter is written four times ^n succession. 



JExamples for Practice. 

1. Write 327 in the Roman Notation. 

Suggestion. C represents the highest value lower than 827, and 
can be written three times, thus CCC, which is 800. There now 
remains 27 to be represented. X is the letter next lower fn value, 
and can be written twice, thus XX, which is 20. 7 now remains, 
and V is the letter next lower in value, but cannot be repeated, 
hence we write V. There now remaiw 2, which is written IL 
Collecting the letters, we have CCCXXVII for 827. 
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5. Write 2738 in the BomaD Notation. 
3. Write 1875 in the Boman Notation. 

i Write 17, 28, 51, 133, 571, 120, 115, 731. 

6. Write 9i9, 494, 3489, 2974, 1740, 1620, 1492, 1776. 

[Note. — Observe that 4 and 9 are the only digits whose values 
Kre repraeented b; diOerenc^.] 

6. Write all the numbera from 1 to 200. 




SECTION IV. 

ADDITIOJi. 



FrRST STEP. 

1. How many oranges are 5 oranges and 4 oranges ? 
5 and 4 make what number? What is the snm of 5 
and 4? 

32. The Sum of two or more numbers ia the number 
they make when united. 
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33. The First Step in Addition is to find the Sum of two 
numbers, each not exceeding nine, when the one to be added 
does not exceed the one to which it is to be added. 

[This very elementary step is mentioned heie simply for com- 
pleteness. The method of effecting it is fully presented in the 
Pbimaby Abithmetic] 

34. The sign + is called plus, and when placed be- 
tween two numbers indicates that they are to be added.* 
Hence it is called the sign of addition.* 

85. The sign = is called the sign of equality, and sig- 
nifies that what is written before it is equal to that which 
is written after it. 

Thus 5+4=9, is read " 5 plus 4 equab 9.**^ This means 
the same as ** 5 and 4 are nine." 

6. Eead the following: 6 + 3 = 9; 5 + 2=7; 8 + 4 
= 12; 3 + 1 = 4; 7 + 3 = 10; 1 + 1 = 2; 9 + 8 = 17; 
6 + 6 = 12. 

If the pupil does not know the Addition Table, he should fill out 
the following and commit it to memory. If he does, he should be 
allowed to pass to the 4tli ^tep. 

Addition Table. 




* The pupil is rapposed to know the meaning of these words from his study 
of Primary Arithmetic, or because they are words in common use ; we are not 
yet prepared to give the formal definition otAddUUm and to distingoish it from 
Counting. (See 40.) 



ALnmos. 



^ 



4 + 4 = 

5 + 4 = 

6 + 4 = 

7 + 4 = 

8 + 4 = 

9 + 4 = 


5 + 5 = 

6 + 5 = 

7 + 5 =^ 

8 + 5 = 

9 + 5 = 


6 + 6 — 

7 + 6 = 

8 + 6 = 

9 + 6 = 


7 + 7 = 

8 + 7 ^ 

9 + 7 = 


O 00 

++ 

00 00 

I II 


9 + 9 = 



SECOND STEP. 

IV ^<{c2 a Number not exceeding 9 to another less 

tJuxn itself • 

1. K the girl in the picture, page 21, should give the 
boy her 5 oranges, how many would the hoy have ? 4 and 
6 more are how many ? 

If the boy should give the girl his oranges, how many 
would she have ? 5 and 4 more are how many ? 
Which is the more, 4 and 6, or 5 and 4 ? 

2. How many are 4 + 3? Then how many are 3 + 4? 

3. How many are 6 + 4? Then how many are 4 + 6 ? 

[A practical knowledge of the tact that the sum of two nmnbers 
is the same in whatever order they are taken, diminishes the work 
of learning the Addition Table nearly one-half.] 

4. In this way fill the blanks in the following : 

3 + 5=—; 4 + 5 = --; 1 + 6=—; 2 + 6= — 
3 + 6 = —; 4 + 6=—; 5 + 6=—; 5 + 6= — 
1 + 7 = —; 2 + 7^—; 3 + 7 = —; 4 + 7 = — 
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5 + 7 = -; 


; 6 + 7 = -; 


; 1 + 8 = -; 


2 + 8 


3 + 8 = —; 


, 4 + 8 = -3 


; 5 + 8 = —; 


6 + 8 


7 + 8 = —; 


; 1 + 9 = -, 


; 2 + 9 = —; 


3 + 9 


4 + 9 = -; 


; 5 + 9 = -; 


; 6 + 9 = —; 


7 + 9 


8 + 9 = -; 


; 6 + 9 = -; 

« 


; 3 + 5 = —; 


1 + 4 




THIRD STEP. 








lb Commit the Addition Table to Memory^ 

[Persistent, direct, and determined effort is necessary to this 
task. As long as there is any temptation to count instead of add, 
this work has not been well done. Drill, driU^ habitual, long-con- 
tinued DRILL, in adding at gigTU, is necessary. The devices suggested 
in the following exercises are very helpfuL] 

Fill the blanks^ and then commit to memory each of 
the following 5 exercises:* 

1. 1 + 1=— ; 2 + 2 = — ; 3+3 = — ; 4+4=—; 
5 + 5=—; 6 + 6 = —; 7 + 7 = —; 8 + 8 = —; 
9 + 9 = -. 

2. 2 + 1= — ; 3 + 2 = —; 3 + 1= 2-: 4 + 2 = —; 

4 + 1=—; 4 + 3 = —; 5 + 4 = —; 5 + 2 = —; 

5 + 1= — ;5 + 3 = — . 

3. 6 + 4 = — ; 6 + 2=— ; 6+ 5 = —; 6 + 1=—; 

6 + 3 = —; 7 + 2 = — ; 7 + 5 = —; 7 + 1= — ; 

7 + 4 = — ; 7 + 6 = — ; 7 + 3 = — . 

4. 8 + 5 = —; 8 + 2 =—; 8 + 7 = —; 8 + 4 = —; 

8 f6 = — ; 8 + 3 = —; 8 + 1=—. 



* These 5 exercises thoroughly mastered give a knowledge of the entire Addi- 
tion Table. There is little or no nse in learning this table in order^ or in 
repeating it so. 
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5. 9+3 = —; 9 + 7 = — ; 9 + 1 = —; 9 + 6 = —; 
9 + 4 = — ; 9 + 2=— ; 9 + 8 = — ; 9 + 5 = — . 



1. Gommit to memory, so as to recognize instantly, the 
pairs of digits which give as the units of their sum, as 
1 + 9, 2+8, 3 + 7, etc. Those which give 1 as the units, 
aa 2 + 9, 3 + 8, 4 + 7, etc. Those which give 2. Those 
which give 3, 4, 5, 6, 7, 8, 9. 

This should be persisted in until the pupil can recognize theunits 
figure of any combination^ at sight* — ^instantly. Cards filled with 
pairs of digits arranged promiscuously, or similar arrangements on 
the blackboard, afford excellent drill lessons for this purpose, the 
pupils being required to speak the units of each sum as fast as the 
teadier can point out the pairs. 

2. What figure with 4 gives 2 as units ? What 3 ? 
What 7? etc. 

3. What figure with 7 gives 2 as units ? What 8 ? 
What 9? What 6? etc. 

4. What figure with 2 gives 8 as units ? What 1 ? 
What 7? What 5? etc. 

5. 3 and what make 7? 3 and what make 9 ? 5 ? 8 ? 
10? 12? 4? 11? 

6. 7 and what make 12 ? 7 and what make 15 7 13? 
11? 8? 16? 14? 9? 

Such drill should be continued until these combinations are per- 
fectly familiar. They will be seen to be the basis of subtraction. 
Ko pupil should be allowed to pass to the Fourth Step til) he can 
recognize instantly the sum of any two digits. 

' ^ The teadier shonld bear in mind that recognition hy Bight and by earitre 
two difltinct things, and in this case each Is essential. 
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FOURTH STEP. 




To Add any Number reprcBented fry One Figure £• 
any Number represented by Two Figures, 

1. How maoj packages of 
10 coTuitera eiich are there 
OD the plate ? How many 
single conatere on theplat«.? 
How many single connters l 
on the table ? If yon pnt | 
all the conntera together | 
'odd them], how many sin- 
gle coanterg will there he ? 
C«a yon make another pack- 
age of tens then P Then how many packages of tenE^ and 
bow many single connters will there be F 

a. Add 27 and 5. 
. SunMUw>--~B<>w nunj nnlta* in 27 1 7 nnlta Mid 5 unita luftks 
liow jntiDj ? 12 Quita ma'ke how many tens, and how many unila ? 
Thea 27 and 5 ue how manjr tens, and how manj onits 1 

3. If yon have 4 tene packages of connters and 8 single 
Connt«i«, how muiy counters hare yon ? If yon now add 
7 single counters to your stock, how many packages of teni 
can you make, and how many connters will yon hare in idl ? 

4. Add 48 and 7. 

To MA a Humbu reprMcnted bjr One Figure t« otie rapreMstad 

by Two Figures. 

86. Bnle. — Firtt add the uniti, and tee how many tsTu 

and unifs they make. Then add ihia niimb$r of tent te 
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the given numler of tens, and observe how many tens and 
units there are in all. 

The following will suggest a class of very useful exercises. See 
also Author's Primary ArUhmetie, pp. 58, 54. It will be seen that 
it IS about as easy to recognize the sum of two numbers when one 
is represented by two digits and the other by one, as to recognize 
the sum of two digits. If this point is well made, it will greatly 
facilitate subsequent work. 

2 2 2 2 etc. 4 4 4 eta 

3 13 23 33 ^ 1^ ?5 

8 8 8 8 etc. 7 7 7 etc. 

7 17 27 37 5 1^ ?£ 

5 5 5 5*6 5 5 5 etc. 

8 18 28 38 48 58 68 78 



JSxamples for l^ractice. 

1. How many are 37 and 6 ? 35 and 4 ? 39 and 7f 

2. How many are 45 and 8 ? 46 and 9 ? 48 and 3 ? 

3. How many are 64 and 7 ? 61 and 8? 67 and 6? 

4. How many are 89 and 6 ? 85 and 7 ? 84 and 9 ? 

6. How many are 57 and 8 ? 63 and 9 ? 56 and 8 ? 
. 6. How many are 17 and 6 ? 18 and 9? 19 and 7? 

7. How many are 78 and 5 ? 79 and 4? 74 and 7? 

8. How many are 16 and 8 ? 13 and 8 ? 13 and 6 ? 

9. How many are 13 and 9 ? 85 and 7 ? 76 and 8 ? 

10. How many are 23 and 7 ? 43 and 6 ? 55 and 5 ? 

11. How many are 42 and 8 ? 54 and 6 ? 13 and 7 ? 

12. How many are 13 and 2 ? 12 and 7 ? 15 and 4? . 

13. Copy the following on your slates and fill the blanks 
without counting: 



id 
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23 + 6=:- 

28 + 5 = - 
45 4- 5 = - 
49 + 7 = - 
81 + 9 = - 
87 + 8 = - 
87 + 9 = - 



11 + 2 = 

17 + 8 = 

10 + 2 = 

18 + 5 = 

19 + 7 = 

11 + 9 = 

12 + 9 = 



20 + 2 
20 + 4 

28 + 6 

29 + 6 
38 + 7 
59 + 8 
62 + 9 



3 
4 
2 
5 
6 
7 



FIFTH STEP. 

To Add a Column of Figures. 

37. A line of figures running up and down the 
page is called a Columk. Here is a column of six 
figures, which we will proceed to add. 

1. 7 and 6 are how many? 13 and 5 are how 
many ? 18 and 2 are how many ? 20 and 4 are 
how many ? 24 and 3 are how many ? 

Then, how many are 7 and 6 and 5 and 2 and 4 and 3 ? 

To Add a Column of Figures. 

38* Sule. — Begin at the bottom^ and add the lotvest 

figure to the next above it, to this sum add the third figure, 

to this sum add the next figure, and so continue until all 

are added. 

We begin at the bottom because it is customary. It reallj makes 
no difference where we begin if only we add all the numbers. 

2. Add the column in th^ margin. 



Suggestions. 2 and 5 are how many ? 7 and 8 are how 
many ? 15 and 6 are how many ? 21 and 5 are how many f 
and 4 are how many ? 



4 
5 
6 
8 
5 

8a 
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. 3. -Copy the following columns of large figures on your 


slates, and add them, 


writing 


the 


sam 


of each column 


right under it; 




■ 










4 sa g 83 


6 


7 




a 


6 


4 


2 29 3 25 


4 


3 




4 


5 


7. 


5 27 2 a 


8 


8 




6 


4 


8 


e 28 4 20 


3 


2 




5 


7 


5 


*3 16 1^ 16 


7 


6 




3 


8 


7 


7 18 39 


5 


4 




7 


2 


6 


- 2 « 5 « 


4 


5 




6 


1 


9 


4: 1 


2 


8 




4 


5 


3 




39 


3 




1 


33 


4 



. 4 Add the following columns of large figures twice 
each ; first add from bottom to top, and then from top to 
bottom, and see if the sum is the same when you add up 
9S when you adAdown the column: 



8 w 


7 


9 


8 


7 


3 


6 


15 7 45 


9 


9 


8 


6 


4 


6 


20 5 88 


8 


8 


8 


4 


2 


8 


24 4 83 


6 


7 


7 


5 


6 


8 


27 3 29 


4 


5 


6 


8 


7 


9 


29 2 26 


6 


8 


6 


9 


6 


9 


OT 8 2* 


8 


4 


7 


7 


8 


7 


.U 7 M 


6 


6 


4 


8 


9 


7 


68 9 


_7 
60 

it 100 by 


9 


8 


9 


9 
10, etc.* 


7 
67 


1, COUD 


twos; 


thas. 


2,' 4, 6, 8, 





* Let tbe teacher iUastrato thle process, an^ show that it is the same as adding 
aeolaiimof$*». 
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2. Count 101 by twos, beginning with 3 ; thus^ 3, 5, 7^ 
9, 11, etc. 

3. Count 102 by 3's ; thus, 3, 6, 9, 12, etc. 

4. Count 100 by 3's, beginning with 1 ; thus, 1, 4^ 7, 10, 
13, etc. 

5. Count 101 by 3*s, beginning with 2 ; thus, 2, 6, 8, 
11, 14, etc. 

6. Count 100 by 4's. Count by 4's from 1 to 101, from 
2 to 102, from 3 to 103. 

7. Count by 6's from 1 to 101, from 2 to 102, ixom 3 to 
103, from 4 to 104, from 5 to 100. 

8. Count by 6's from 1 to 103, from 2 to 104, from 3 to 
105, from 4 to 100, from 5 to 101, from 6 to 102. 

9. Count by 7'8 from 1 to 106, from 2 to 100, from 3 to 
101, from 4 to 102, from 6 to 103, from 6 to 104, from 7 
to 105. 

10. Count by 8*s fr-om 1 to 105, from 2 to 106, from 3 

to 107, from 4 to 100, from 5 to 101, from 6 to 102, from 

7 to 103, from 8 to 104. 

[It is essential that pupils be trained to add rapidly (U fight. Any 
figures which may chance to stand on the blackboard will afford 
drill exercises, the pupils naming the sums as the teacher points to 
the digits.] 

SIXTH STEP. 

2\> Add several Numbers represented by several 

Figures each. 

1. Here are three numbers. What is the first ? 234 

What the second ? What the third ? ^^^ 

153 

How many hundreds in the first ? How many — 

in [the second ? How many in the third ? How 3^2 

many hundreds in all ? In order to remember it, we 163 

will write it under the hundreds, thus 6 



How many tens in the first number ? How many ^34 

in the second ? How many in the third P How 818 

many in all ? In order to remember it, we will ^^ 

write it under the t^s, thus 60 

How many units in each of the numbers ? How 234 
many units in all of them taken toother? In 312 
order to remember it, we wiU write tt omder the J^ 
units, thus 699 

Now we have put all the hundreds of the three numbers 
together, and all the tens, and all the units. How many 
do 234, 312, and 153 make when added ? What is the 
sum of 234, 312, and 153 ? 

2 to 6. Find the sum of the following in the same way : 



(8) 


(«) 


(4) 


(«) 


m 


322 


466 


341 


1212 


41226 


426 


111 


622 


3151 


32451 


111 


221 


115 


4128 


15112 



7. Will it make any difference, in adding the abore num« 
bers, whether you add the hundreds first, and then the 
tens, and then the units ; or add the units and then the 
ten£f, etc. ; or add the tens first, and proceed in any other 
order ? Try it in various ways. 

8 to 11. Add the following, beginning with the units, 
and then taking the tens, hundreds, etc., in order : 



(8) 


(9) 


(10) 


(11) 


325673 


3214 


• 213 


2222 


131201 


2131 


120 


3333 


421012 


2211 


101 


1111 




1123 


241 


1212 
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* 12. How manjr rmits are there in these three 

SK r^ B^ *£ 

nombeirs ? . 1^ units are how many tens and how 3^25 
many units? We will set the 5 units under 4653 
units column, in order to remember them, thus 6 

How many tens are there in the three num- 
bers ? The 13 tens which the 5 tens, 2 tens, and 
& tens make, with the one ten which the units 
made, make how many tens ? 14 tens are how 
many hundreds, and how many tens ? In order S^ok 
to remember the 4 tens, we will write the 4 under 4553 
tens column, thus 45 ' 

Now the 1 hundred which the tens made, and 
the 6, 4, and 5 hundreds which there are in the 
three numbers, make how many hundreds? 16 
hundreds are how many thousands, and how many 3^25 
hundreds ? We will write the 6 hundreds under 4653 
hundreds column, in order that we do not forget it. 645 

Finally, the 1 thousand which the hundreds 
made, and the 4, 3, and 8 thousands which there 
are in the three numbers, make how many thou- 3^^ 
sands? 16 thousands are how many tens of 4653 
thousands and how many' thousands ? Writing 16645 
these in their proper order^ how many do 8567, 
3425, and 4653 make when added ? 

13. Add as above these numbers. ^.^ 

347 

SnggestionB. — How many imits are there ? How many 836 
tens and how many units are 25 ? Write the units under 548 
units colunm, in order to remember them. The 2 tens ^°^ 
which the units of the number made, and the 8, 4, 8, and 
4 tens in the numbers, make how many tens ? 21 tens are how 
many hundreds, and how many tens ? Write the tens under tens 
column* in order to remember them. The 2 hundreds which the 
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tens m^de, and the 6, 5, 8, and 3 handredB in the numbers, make 
how many hundreds ? 24 hundreds are how many thousands, and 
how many hundreds ? Writing the 2 thousands and the 4 hundreds 
eadi in its own order, we have 2415 as the sum of the numbers. 

14 to 17. Add as above the following : 



m 


(16) 


(16) 


(17) 


4256 


38766 


348 


6432764 


3847 


27543 


279 


8264852 


»105 . 


12030 


546 


1023457 


^28 


67083 


832 


5437208 



18. Let us see if it is just as well to begin with hun- 
dreds as with units in such examples as these. 

Experiment — The 5, 7, 8, and 9 hundreds make 29 hun- 
dreds. Now let us write the 2 thousands and the 9 hun- ?JS 
dreds in their proper places. Then adding the tens, we 759 
find that 6, 5, 8, and 4 tens make 23 tens, or 2 hundreds 567 
and 8 tens. But the 2 hundreds must go in with the 9 ^ ^^ 
hundreds, and that will make 11 hundreds, or 1 thousand 
and 1 hundred. Again, this 1 thousand must go in with 946 

the other 2 thousands ; so that when we add the tens column. SS 

759 
we shaU have to change hath the other figures, sjid instead of 557 

writing 2 thousands, and 9 hundreds, we shall have 3 313 

thbusands and one hundred. Correcting the hundreds and 

thousands figures, tod writing the 3 tens in the tens order, 

we wai add the units. 7, 9, 2, and 6 units make 24 units, ™ 

or-2 tens and 4 units. Now these 2 tens must go in with 759 

the other 3 tens, and we shall have to change the 3 tens to 567 

6 t0ns. Doing thfe, and writing the 4. units in units order, 3154 

we have the correct sum. 

Thus we see that we can begin at hundreds (or the highest order) 

to add ; but that it is not so convenient, for when we add the higher 

order, we do not know how many are to go into it from the lower. 
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To Add several Numbers represented by several Figpires each. 

39. Kule. — 7. Write the numbers one under another^ 
80 that all the units shall fall in one column^ all the tens in 
another ; all the hundreds in another ^ etc. 

IL Add the units column first, and having found its 
sum, consider how mmiy tens and units there are in it. 
Write the units under tJie units column, and keep the tens 
in mind to be added to the tens column. 

III. Add the tens which came from the units column, 
and those in the tens columAi, and observe how many hun- 
dreds and tens the sum consists of Write the tens under 
the tens column, and keep the hundreds in mind to be added 
to the hundreds column. 

IV. Continue in this way till all the columns are added. 
After adding the last column, write the figures of its entire 
sum in their proper orders. 

Reasons. — I. We write the numbers so that units shall fall in 
one column, tens in another, etc., in order that we may more readily 
see what units there are in all the numbers, and then what tens 
there are, etc. ; as we want to add the units first, then the tens, etc. 

II. We begin to add with the units, or lowest order, and proceed 
regularly through the orders, so that when we have added any one 
order, we may know whether there are any from the lower order 
to add in with the higher one which we are to add next 

III. When we have gone through all the orders in this way we 
have the sum of the several numbers, since we have one number 
which is made up of all the others put together. 

40. Addition is the process of finding the sam of 
two or mor^ numbers by means of a knowledge of the 
Addition Table. 

There are two ways of finding the sum of numbers, viz., by count* 
ing and by adding. The Addition Table gives the sum of each pos- 
sible pair of the nine digits, and only when the pupil knows all these 
sums and uses this knowledge in the process, do we admit that he adda. 
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Examples for ^Practice in Adding. 

L Add 427, 342, 866, and 728. 

2. Add 5648, 3726, 8972, and 6025. 

3. Add 38450, 64008, 56027, 37124, 73500, and S8478. 

4. Add 642, 35827, 25, 634851, 3206, and 15438. 

fiufgiMtion. — ^Wheu written for additiozi, these num. ^ 649 

bers stand as in the margin. First add a column from «• 

bottom to top, and then from top to bottom, repeating 684851 

the process till the results agree. 8806 

15432 

41« When adding a column of figures^ do not ~ 

name each figure, but only name the sums. Thai 
in adding the units column in ibis example, do not 
say ^^2 and 6 are 8, and 1 are nine, and 5 are 14»".eto« ) 
but say, or thinh^ 2, 8, 9, 14^ etc. 

5. What is the sum of 50802, 345, 289764^ S0726, 29, 
8, and 712800 ? 

6. What isae sum of 8, 29, 347, 5284, 70504, 2536475, 
976421, 24351, 5002, 437, 50, and 5 ? 

7. Find the sum of 78206, 843, 964271, 1863, 2679, 
570012, 8206143, 77899. 

8. Add 749831, 8632, 54317, 48, and 482613. The 
following are the figures in the answer : 1445421. How 
should they be arranged ? 

9. 181 +24 + 897156 +'881 + 71512 gives the following 
figures : 456799. Hqw should they be arranged ? 

10. The sum of the following numbers is an important 
series of figures : 48, 5627, 82160, 3475, 426, 654136, 
2485796, 92541643, 743260041, and 395534538. 

11. What is the sum of 3241, 476, 84324, 18472, 31421, 
and 62066 ? 

12. Add 18243/32341, 7147, 166, 2342, and 50772. 
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13. 156890 + 34875 + 217006 + 1000 + 2005 + 406 + 
342 = how many ? 

14. 2000 + 11001 + 801 + 5000 + 88 + 5764 + 872 + 
99 + 447 = how many ? 

15. 88888 + 7777 + 6666 + 55555 + 4444 + 33333 + 
222 + mil = how many ? 

16. 576843 + 5891476 + 438275 + 789642 + 12384 + 
987640 = how many ? 

17. 870095 + 984573 + 642785 + 998877 + 679488 + 
1257 = how many ? 

18. 576443 + 203 + 4703 + 56428 + 121 + 2546 + 70058 
+ 46 + 343 = how many ? 

19. 8192735742 + 2407643728 + 544337126 + 98724603 
+ 825473281 + 88116457263 = how many ? 

20. What is the sum of the following numbers : three 
thousand four hundred sixty-five, two thousand fifty-four, 
nine hundred six thousand two hundred forty-seven ? 

. Jtw., 911766. 

21. What is the sum of the numbers, one hundred sixty- 
s^ven thousand, three hundred sixty-seven thousand, nine 
hundred six thousand, two hundred forty-seven thousand, 
ten thousand^ seven hundred thousand, nine hundred 
seventy-six thousand, one hundred ninety-five thousand, 
ninety-seven thousand ? -4n5., 3665000. 



Applications.* 

1. Harry had 7 books, and his father gave him 4 more. 
How many books had he then ? 

^ Jn svGcli exercises as th6^ following, the main purpoBe is noit to give practice 
in adding, bnt to develop the ability to see when and why we mast add, i. e., to 
notice what operations the conditions of a problem require. Let this be remenor 
bered in i^i ezplanAtion, and a good form of solation be always required. . 
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Sokition.^f Harry had 7 books, and his father gaye him 4 more, 
he then had. the sum of 7 books and 4 books, which is 11 books. 

2. If James rode 8 miles and walked 3^ how far did be 
travel in all ? 

3. A merchant sold from a piece of cloth 2 yards at one 
time^ 3 yards at another, and 6 yards at another. How 
much did he sell firom the piece in all ? 

4. Jane is 7 years old, and her brother, George, is 6 
years older than she is. How old is George ? 

Solution. — If Jane is 7 years old, and George is 6 years older than 
she, George's age is 7 + 6, or 13, years. 
Note. — ^Avoid stereotyped forms of solution. 

5. A farmer had 13 head of cattle and bought 8 more. 
How many had he then? 

6. Mr. A. had 37 sheep ; Mr. B. had 9 more than Mr. A. 
How many had Mr. B. ? 

7. Henry earned 37 cents on Monday, 28 cents oil Tues- 
day, 56 cents on Wednesday, 48 cents on Thursday, was 
idle Friday, and earned nineteen cents on Saturday. How 
much did he earn during the week ? 

8. Mr. Jones bought a horse for 250 dollars, and sold it 
for 37 dollars more than he gave for it. For how much 
did he sell it ? 

9. James bought an orange for 8 cents, and a melon for 
5 cents more than the orange cost. How much did he 
pay for both ? Do not use the slate for this.* 

10. There are 6 boys and 3 girls in one class, and 7 
girls and 4 boys in another class. How many pupils are 
there in both classes ? 



* In all cases where the numbers are small and the combinations few, the work 
should be wholly mentaL . 
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11. John bought a knife for 23 cents and sold it for 3 
cents more than he gave for it. How much did he receive 
for it? 

12. There are thirty days in June, and 31 each in July 
and August. How many days in these three summer 
months ? 

13. Henry gave 85 cents for a sled, and 126 cents more 
for a pair of shoes than for the sled. How much did both 
cost him ? An8.y 296 cents. 

14. If it is 2 feet firom the ground to the top of the 
foundation of my house, and the first story is 11 feet, the 
second 10, the ridge of the roof 8 feet above the upper 
ceiling, the chimney top 4 feet above the ridge, and the 
lightning rod extends 3 feet above the chimney, how high 
is the top of the lightning rod above the ground ? 

15. A farmer has 47 acres in wheat, 36 in com, 52 
meadow land, 18 in oats, his house and bam yards and 
garden contam 2 acres ; he has 43 acres of pasture, 17 acres 
occupied as an orchard and with vegetables, and 81 acres 
of woodland. How many acres in his farm ? 

16. A farmer's stock consists of 27 cattle, 126 sheep, 7 
horses, and 15 hogs. How many animals has he in all ? 

17. It is 30 miles from Detroit to Ypsilanti, 8 miles from 
Ypsilanti to Ann Arbor, 38 miles from Ann Arbor to 
Jackson, 20 miles from Jackson to Albion, 12 miles from 
Albion to Marshall, 13 miles from Marshall to Battle 
Creek, 23 miles from Battle Creek to Kalamazoo, 47 miles 
from Kalamazoo to Mies, 37 miles from Niles to Michigan 
City, and 56 miles from Michigan City to Chicaga These 
places occurring in order along the Michigan Central Bail« 
road, how far is it from Detroit to Chicago ? 

How far from Ann Arbor to Kalamazoo ? 
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How £u* &om Ypfiilanti to Jackson f 
How far from Jackson to Kiles ? 

18. In a certain house there were 2 parlors, one of which 
reqaired 3? yards of carpeting and the other 42 yards ; a 
sitting-room reqoiring 28 yards, 2 bed-rooms requiring 16 
yards each, and 2 other bed-rooms requiring 12 yards each. 
How much carpeting was required for all these rooms ? 

19. A drover paid 17428 dollars for 530 head of cattle, 
7689 dollars for 125 head, and 63850 for 1225 head. How 
much did he pay for all ? How many cattle did he buy ? 

20. A gentleman is 15 years older than his wife, and she 
is 20 years older than their eldest son, who is 29 years of 
age. Bequired the gentleman's age, and the age of his 
wife? 

Aru.j The gentleman's age is 64 years ; his wife's, 49. 

21. A farmer bought three plantations for 3750 dollars 
each, and sold them again so as to make 1000 dollars on 
the whole. For what sum did he sell the three ? 

Am., 12250 dollars. 

22. Several persons contributed towards the establish- 
ment of a library. A gave 200 dollars, and B 50 dollars 
more than A; G gave 300 dollars, and D 25 dollars more 
than 0. What was the whole amount contributed ? 

Am., 1075 dollars. 

23. At the battle of Moscow there were 13000 Bussians 
killed, 5000 taken prisoners, about 27000 wounded, and 
40 generals either killed, wounded, or taken prisoners; 
2500 of Napoleon's army were killed, 7500 wounded, and 
15 generals either killed or wounded. What was the total 
loss? -4ws. 55055. 

24. At the battle of Waterloo the French lost 40000 
men ; the Prussians 38000 ; the Belgians and Dutch 8000 ; 



40 FUNDAMENTAL BULBS. 

the Hanoverians 3500; and the English about 12000; 
how many men were killed in all? 

25. At the battle of Gettysburg the loss in the Union 
army was 2,834 men killed and 13,790 wounded, and in 
the Confederate army 4,500 killed and 26,500 wounded. 
What was the whole loss in each army ? What was the 
whole number of men killed ? What was the whole num-* 
ber wounded ? What was the whole loss in both armies ? 

26. At the battle of Antietam the Union army num-^ 
bered about 87,000 men, and the Confederate about 60,000. 
The loss of the former was reported at 2,010 killed, and 
10,459 wounded and missing. If the Confederate loss was 
equally great, how many were killed in all ? 

27. A merchant bought cloth for 375 dollars, and silk 
for 95 dollars. In selling, he gained 50 dollars on the 
cloth, and 45 dollars on the silk ; for what sum did he sell 
the whole? ^ws., 565 dollars. 

28. A provision dealer bought a load of potatoes in the 
morning containing 48 bushels, out of which he sold 12 
bushels to one mah and 5 to another. He then bought a 
load of 37 bushels, and put them in with what were left of 
the former load. After this he sold to one man 7 bushels,- 
to another 16, and to another 8. Finally, he bought 63 
bushels, and put them into the same bin with the others. 
How many potatoes did he buy ? How many did he sell ? 

29. The mariner's compass was invented in China 1120 
years before Christ; America was disco veried by Columbus 
1492 years after Christ; and steam was first applied by 
Pulton to propelling boats 315 years after the discovery 
of America. How many years after the invention of the 
mariner's compass was steam first applied to propelling 
boats ? 
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SUBTRACTIOJV. 

FIRST STEP. 

To Ascertain the Setnainder when any Ifutnber 

represented by One Figure ia taken front any 

Number not less than itself, but leas than itself 
+ 10. 

1, How many eherriea are there on the branch which 
the boy is holding out to the girl in the picture ? 

How many bUDches of cherries are there ? 

How many in each bunch ? 

What ia the girl doing ? 

If she picka 4 of the 9 cherries, how many will remain ? 

4 taken from (i. e., out of) 9 leaves how many ? 

3. Five and 3 make what ? 

Then if 3 be taken from 8, how many will be left ? 

If 5 be taken irom 8, how many will be left ? 
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42. Subtraction is a process of taking one number 
from (t. e. out of) another. 

The number to be subtracted is called the Subtra- 
hend. 

The number from which the Subtrahend is to be taken 
is called the Minuend. 

What is left of the Minuend after the Subtrahend has 
been taken out is called the Remainder. 

3. Six and 5 are how many ? 
Five and what make 11 ? 

If 5 are taken from 11, how many remain? 

In this example what is the 11 called ? 

What is the 5 called which is to be taken from the 11 ? 
What is the 6 called which is left of the 11 after 5 has 
been taken from it ? 

4. Four and 8 make how many ? 
8 and what make 12 ? 

8 taken from 12 leave how many ? 
What is the minuend in this example ? What U the 
subtrahend ? What the remainder ? 

5. 7 and what = 9 ? 

If 7 and 2 make 9, what is left of 9 after 7 is taken out ? 
What is left of 9 after 2 is taken out ? 

To Ascertain the Remainder when any Number represented by 
One Figure is taken from any Number not less than itself, 
but less than itself + zo. 

43. Rule. — Consider, from your knowledge of Addition, 
whcU number together with the given subtrahend makes the 
minuend. Tliis other number is the remainder sought. 

6. What is the remainder when 7 is taken from 13 ? 

Suggestion. — Since 7 and 6 make 13, if 6 is taken from 18, 7 is 
left. 
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7. If 8 is taken from 14, what is the remainder ? 

44. The sign — is called minusy and indicates that the 
number after it is to be subtracted from the number before 
it; thus 11 — 6 means that 6 is to be subtracted from 11. 

This sign is read minus, which means less, so that 11—6 
is read '* 11 minus 6.'' 

8. What is 9 - 4 ? 
What number with 4 makes 9 ? 

9. What is 7 -5? Why? 

Ans.y 7 — 5 is 2, because 6 + ^ =2 7. 

10. What is 15 -8? Why? What is 16 -7? Why? 

11. Copy the following on your slate, and fill the blanks: 

8 + what = 11 ? Then 11 - 8 = what? 
4 + = 7? Then 7 - 4 = ? 

6 + = 14? Then 14 - 5 = ? 

7 + = 12? Then 12 - 7 = ? 

9 4- = 17? Then 17 - 9 = ? 

3 + =9? Then 9 - 3 = ? 

12. If 6 is one of two parts of 8, what is the other? 
8 - 6 = what? 

13. If 3 is one of two parts of 11, what is the other? 
11 -3 = what? 

14. If 7 is one of two parts of 15, what is the other? 
15-7 = what? 

Three dots placed thus .*. are read " therefore." 
16. Copy on your slate and fill out the table on the fol- 
lowing page : 

This table mast be so thoroughly learned that any remainder can 
be told instantly. But if addition has been well learned, this will 
cost only a little labor. 

Counting backward from 100 by I's, ^s, 3*s, etc,, forms an excellent 
drUl in learning the Subtraction Table, 
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SUBTRACTION TABLE. 



When 1 it 
1+1 = — 
3 + 1 = — 

3 + 1 = — 

4 + 1 =- 

6 + 1 = — 

6 + 1 = — 

7 +1 = — 

8 + 1 = — 

9 + 1 = — 



one part. 



I 



2-1 = 



8 — 1 
8-2 

4 — 1 
4-8 

6 — 1 
6 — 4 

6 — 1 



( 4-1= 

] 4-8= 



( 6-1= 

•j 6 — 5 = 



7 — 1 
7-6 

8-1 

8-7 

9 — 1 

9-8 

10-1 

10— « 



jlO -1 = 

110- « = — - 



Whm 2 is one part. 



2 + 2 = — 

3 + 2 = — 

4 + 2 = — , 

5 + 2 = - 

6 + 2 = — 

8 4-2 = —, 

9 + 2 = — 



|4-2 = - 

( 6-2= 

\ 6—8= 

j 6 — 2 = 

\ 6—4= 

j 7-2 = 

1 7-5= 

j 8-2 = 

\ 8 — 6= ; 

j 10 — 2 = 

llO— 8 = 

111 



— 2 = 

— 9 = 



When 3 i% one part. 



3 + 3 = — 

4 + 3 = — , 
6 + 3 = — 

6 + 3 = — 

7 + 3 = — 

8 + 3 = — 

9 + 3 = — 



I 6-8 

j 7 — 8 = 

•j 7-4 = 

j 8 — 3 = 

•j 8 — 6 = 

( 9—8= 

■j 9 — 6 = 

jlO — 3 = 

^10 — 7 = 

(11 — 3 = 

111 — 8 = 

jl2-8 = 

112- 



9 = 



When 4: U one part. 



4 + 4 = — 
5 + 4 = — 

6 + 4 = — 

7 +.4 = — 

8 + 4 = — 

9 + 4 = — 



I 8-4 

S 9-4 
1 9 — 5 

jlO-4 
]J0-6 
(11 -.4 
111-7 
j 12 - 4 
112-8 
(13 — 4 
1l8-9 



Whsn 5 is one part. 



5 + 5 = — 

6 + 5 = — . 

7 + 5 = — 

8 + 5 = — 

9 + 5 = — 



. 1 10-6 = 



(11 — 5 
•111- 



6 = 



(12 — 5 = 
•112 — 7 = 
(18-5 = 
•118 — 8 = 
. (14 — 6 = 
• • 1 14 — 9 = 



When 6 is one part. 

6 + 6 = — . .•.|i2-6 = 

7 + 6 ^ — . .'.118 — 7 = 

8 + 6 = — . .*.114 — 8 = 

9 + 6=— . /.jljzgz 

When 7 M one part. 

7 + 7 = — . .-.■{14-7 = 

8 + 7 = — . .*.115 — 8 = 

9 + 7 = — . .•.■ji6_9 = 

When 8 is one part. 

8 + 8 = — . .-.116-8 = 

9 + 8 = — . .-.jgzlz 
9 + 9 = — . .-.118-9 = 



SUBTRJCTIOir. 



SECOND STEP. 



lb Perform Subtraction wlieti Minuend and Sub- 
trahend are repreaented by several Figures each, 
and no Figure in the Subtrahend exceeds in value 
the Figure in the same order in the Minuend. 




1. The pack^cB on the table are our old familiu' pack- 
ages of counters. The large ones are lOO'a ; the next in 
size are lO's, and the others are single counters. How 
many counters are there on the table ? Ans., 357. 

Ellen wishes to take off 334 counters. 

How many packages of hundreds will she take oflf? 
Then how many hundreds will remain ? 

How many packages of tens will she take off? Then 
how many lO's will remain ? 

How many single counters will she take off? How 
many single counters irill remain ? 

If therefore Ellen takes 234 counters from the 357 which 
are on the table, how many of the 357 will remain i 
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2. Take 425 from 768. 

SnggestioiLi — Aa we want to take nnits from units, tens from 
tens, and hundreds from hundreds, if W0 can, it will be con- 
venient to write the numbers so that the orders of the 768 
subtrahend shall fall under the corresponding orders of ^ 
the minuend. 

Will it make any difference in this case whether we subtract ths 
4 hundreds first, or the 2 tens, or the 5 units ? 

5 units from 8 units leave how many units ? 

2 tens from 6 tens leave how many tens ? 

4 hundreds from 7 hundreds leave how many hundreds ? 

Then 425 from 768 leaves how many 7 

3. From 856 take 324. Prom 743 take 531. 

To Perform Subtraction when Bftinuend and Subtrahend are 
represented by several Figures each, and no Figure in the 
Subtrahend exceeds in vsdue the Figure in the same order 
In the Bftinuend. 

45. Kiile. — /. Write the mbtrahend under the mimtend, 
80 that each figure shall fall under one of like order in tlie 
minuend. 

IL SuUract each figure in the subtrahend from the one 
of like order in the minuend, and write the remainder 
underneathy bringing down any figures in the minuend 
tuhich have no figures under tliem in the subtrahend. 

4. From 3739 take 516. From 7892 take 5321. 

Suggestions.— Taking the 6 units of the subtrahend 

from the 9 of the minuend, there are 3 in the remain- ^J?^ -^*j** 

516 Sub. 
der. Taking the 1 ten of the subtrahend from the 3 3228 JZ^m. 

tens of the minuend, there are 2 tens in the remainder. 

Taking the 5 hundreds of the subtrahend from the 7 hundreds of 

the minuend, there are 2 hundreds in the remainder. As there are 

no thousands in the subtrahend, all the thousands of the minuend 

will remain. 
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6. From 82564 Bubtract 303. 

How mmnf teua ue to be taken from the minaend J Then Low 
•onnj tena will remain T 

6. If 15S64 ie the minnend and 3150 the sabtrahend, 
vhat ia the maunder ? What is 313606 - 11406 ? 

7. If 20056 is the subtrahend and 872086 the minnend, 
what is the remainder f What is 60003 - 5001 ? 



THIRD STEP. 

IVi Perfomt SiUttracHon when Minuend and Sub- 
trahend are represented by aeveral Figures each, 
and there ia a Figure in tJte Subtrahend wJtose 
value eoeceeda tltat of tite corresponding Figure in 
the Minuend, 




1. Here is Ellen with the eonnters again. 

How many lOO's packt^s are there ? 

How many lO's ? How many angle conntera? 

How many connters in all F 

Suppose, now, that Ellen wishes to take 179 counters off 
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the table. How is she ^oing to get the 9 single counters ? 
If she unwraps one of the lO's packages, how many single 
counters will there then be ? Can she then take out the 
9 single counters ? How many single counters will re- 
main?* How many lO's packages will remain? Now 
how is she to get 7 tens out? If she unwraps a lOO's 
package, how many lO's will she find in it?^ How many 
lO's will there then be ? (14) If she now takes out the 7 
tens, how many tens will remain ? How many lOO's are 
left? What more did she wish to take out ? 

Having done this, how many counters remain ? How 
many lOO's ? How many lO's ? How many ones ? 

2. From 662 take 237. 

Suggestions. — Write the numbers as heretofore. How 
can we take the 7 units from the 562 ? How many units ^o? 
are there in the units order of 562 ? If we take one of the .^p 
6 tens, how many units will it make together with the 2 ' 
units ? Now taking 7 units from 12, how many remain ? Again, 
how many tens were we to subtract ? How many have we left from 
which to take the 3 tens ? Why only 5 tens? 3 tens from 5 tens 
leave how many tens ? What remains to be taken out ? 2 hundreds 
from 5 hundreds leave how many ? 

3. From 4327 take 1563. 

To Perform Subtraction when Minuend and Subtrahend are 
represented by several Figures each, and there is a Figure 
in the Subtrahend whose value exceeds that of the cor- 
responding^ Figure in the Minuend. 

46. Rule. — /. Write the suMraliend under the minuend^ 

* The method of adding 10 to the upper figare and compensating by increasing 
the next figare of the subtrahend by 1, is iUnstrated by si^posing Ellen to put 
10 more tingle counters on the table, and to take off 1 of the packages of io^s, 
(. «., subtract 8 instead of 7 ; etc. Bat the method given in the text is the more 
natural, and in accord With the practice of computere, as in taking complo- 
ments, etc. 
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^0 thai each figure shall fall under one of the same order 
in the minvsnd. 

IL Begm the work of subtraction with units, and pro- 
ceed through the higher orders in succession, 

III, When the figure in the subtrahend is not of greater 
value than the one over it, subtract the former from the 
lattery and write the remainder underneath, 

IV, Wfien the figure in the subtrahend exceeds in value 
the one over it, add 10 to the upper, and then subtract. 
Having done this, consider the next digit * in the minuend 
as diminished by 1, observing to call each which intervenes 
in the minuend 9, and then proceed loith the subtraction. 

Reasons. — The reason for writing imits under units, tens under 
tens, etc., is that we can take units from units only, tens from 
tens, etc., and by placing them thus we can see at a glance how 
many there are in the minuend of the particular order which we 
are subtracting. There is no reason, except custom, for putting 
the subtrahend under the minuend. It is often more convenient to 
put it above. 

The reason for beginning the subtraction with the units and 

proceeding in succession through the higher orders, is that we may 

have to go over our work but once. Thus in taking 158 from 473, 

if we take out the 1 hundred and the 5 tens before we do 

4.73 
the 8 units, we shall have 3 hundreds and 3 tens left ; and ^ * ^ 

having written these in their places, we would have to — - 
take 1 of the 2 tens to put with the 3 units, in order to be ^ 
able to get the 8 units out. This would oblige us to change _— 
the 2 tens to 1 ten. 

When a figure in the subtrahend exceeds in value the one over 
it, we have to take 1 of the next higher order of which there are 
any in the minuend, in order that we may be able to take out the 
number required. The reason for calling O's which intervene 9's, 
will be best seen from an example. (See next example.) 



* A fi;:ard which is not 0. 



'■>■■■** 





11 


» 










4 


t: 


IB 


la 


la 


13 


5 


^ 











3 6 


2 


8 


3 


5 


6 


5 4 
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L From 5800036 take 2835654. 

Bzplanation. — Taking 4 units from 6, 
2 units remain. As there are not tens 
enough in the minuend so that we c^i. 
take out 5 tens, and as there are no hun- 

dreds, thousands, or ten thousands, we 2 9 6 4 3 8~2 
have to take 1 of the 8 hundred thou- 
sands. This makes 10 ten thousands and leaves 7 hundred thou- 
sands. Taking 1 of these 10 ten thousands, it makes 10 thousands 
and leaves 9 ten thousands. Again taking 1 of these thousands, it 
makes 10 hundreds and leaves thousands. Finally taking 1 of 
these hundreds, it makes, with the tens, 13 tens, and leaves 9 hun- 
dreds. We can then proceed with the higher orders, and observe 
that there are 9's where there were O's. 



JExamptes for Practice* 

1. What is 856432 - 648571 ? 32564 - 1768 ? 

2. From 205643 take 32589. From 70542 take 3025a 

3. From 72382 take 165. From 46537 take 2006. 

4. From 523654 take 82465. From 10125 take 908. 

5. From 132406 take 65348. From 2007 take 407. 

6. From 34652 take 15836. From 548300 take 83. 

7. From 82654 take 34271. From 8001 take 750. 

8. From 10000 take 546. From 1000 take 999. 

9. Minuend 78206, subtrahend 35264 ; what is the re- 
mainder ? 

10. Subtrahend 10956, minuend 235043; what is the 
remainder? 

11. What is 564023 - 234560 ? 782005 - 12758 ? 

12. What is 30012 - 15461 ? 65430 ~ 718 ? 

13. Subtract 5056 fix)m 100000. From 601 take 307. 

14. Take 3 from 1000. Take 208 from 10000. 

15. From 7003 subtract 1815. From 8111 subtract 88. 
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Applications. 

1. Harry had 8 rabbits, and sold 5 of them. How 
many had he left ? 

If Hany had 8 rabbits and sold 5 of them, he had remaining 
8 — 5, or 3 rabbits. 

2. There were 11 eggs in the nest and Mary took 
out 7. How many remained ? 

3. A farmer raised 347 bushels of potatoes, and selling 
259 bushels, reserved the remainder for his own use. How 
many bushels did he reserve ? 

4. H I borrow 17 dollars, and afterward pay 9 dollars 
on the debt, how much do I still owe.* 

5. A well wa^ sunk through sand and clay to the deptk 
of 30 feet. 6 feet was sand. How much was clay? 

6. A drover started from Texas with 2782 head of cat- 
tle. On the way to Chicago 547 of them died. Ho\^ 
many remained ? 

7. A person who undertook a journey of 735 miles, haa 
travelled 93 miles of the distance. What distance has he 
yet to travel ? 

8. From a farm which contained 2350 acres, 1234 acres 
were sold. How many acres remained of the original farm ? 

9. A young man received from his father 5325 dollars, 
of which he paid 2500 dollars for a house. How many 
dollars of the first sum had he remaining ? 

10. A merchant deposited 5800 dollars in bank, but 
afterwards made a draft upon it for 3270 dollars. What 
sum remained ? 

11. Suppose a farmer who has 4000 bushels of wheat in 

* When the numbers are Bmall the elate should not be nsed. 
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bis granary, Bhould tate out 3100 bnehels to be sent to 
market ; how many bushels would remain F 

12. Here are two bunches 
of grapes. In one bunch 
there are 32 grapes and in 
the other IS. If yon were 
to pick as many trota the 
larger bunch as there are 
in the smaller, how many 
would remain ? How many 
more are there in the larger 
bunch than in the 




What is the difference between the namber in the larger 
(tnd that in the smaller? 

47. The Difference between two numbers is what is left 
of the larger offer the smaller is subtracted.* If the num- 
bers are equal there is no difference, or the difference is 0. 

13. John is 15 years old, and Mary is 9. What is the 
difference between their ages. 

14. A merchant sold 25726 dollars worth of goods one 
year, and 34718 dollars worth the next What was the 
difference between the sales of the two years ? 

15. America was discovered in 1493, and the British 
Colonies declared their independence in 1776. How long 
after the discovery was the Declaration of Independence P 

16. Sir Isaac Newton was bom in 1643, and died in 
1737. How old was he at his death ? 



• In • more enlarged Henae, the Difference between two nmnberi 1> ibo nam- 
ber of nnlta whlcb lie between them. Thus the dlfffepance between « Aegnt* 
norUi Uatada »nd 10 degreea eonth latitnile la 85 degrt«». But the conception 
IlT«i In th« tait li ki brosd ■■ la coni>I>tent with odt preeent pnrpoM. 
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17. The telescope was invented in 1608. How many 
years since that time ? 

18. Benjamin Franklin died in 1798, and was 84 years 
old at his death. When was he bom ? 

19. The art of printing was invented in 1449. How 
many years since its invention ? 

20. The area of the Chinese Empire is 4695334 square 
miles, and the area of the United States is 3578392 square 
miles ; how much greater is the Chinese Empire than the 
United States ? 

21. If I buy a horse for 137 dollars, aud sell it for 225 
dollars, how much more do I get for it than I paid ? 

48. When we sell an article for more than we paid, 
what we get for it more than what we paid is called Gain, 
If we sell it for less than we paid, what the selling price 
lacks of being as much as we paid is called Loss. 

22. John bought a sleigh for 87 cents, and sold it for 65 
cents. Did he gain or lose ? How much ? 

23. Bought a cow for 58 dollars, and lost 17 dollars in 
selling. her. How much did I sell her for ? 

24. Bought a horse for 139 dollars, and sold it for 250 
dollars. What was my gain ? 

25. Bought cloth for a coat which cost 17 dollars, and 
handed the salesman a 50-dollar bill. How much change 
must he give me ? 

49. The character $ signifies dollars, and is placed 
before the number. Thus $17 is read "17 dollars." 

26. If I buy a horse for $175 and sell it for $225, do I 
gain or lose ? How much ? 



27. Bought 2 pieces of cloth for $112 each, and sold 
them for $320. Did I gain or lo^ ? How much ? 
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28. Bought 2 yards of cloth for $7 a yard, and gave 
the salesman a 120 bill. How much change must he 
give me ? 

29. How old is a man in 1875 who was born in 1832 ? 
One who was born in 1827 ? 

30. How long is it since the Declaration of Independence 
by the United States ? (See Ex. 15.) 

31. How old are you ? From this how do you find in 
what year you were bom ? 

32. It is now 8 o'clock in the morning. How long is it 
to noon ? How long since 3 o'clock this morning ? 

33. Borrowed of my neighbor at one time $175, at 
another $340, and at another $520. Having paid him 
$685, what balance have I yet to pay ? Ans.^ $350. 

34. Put in store at one time 500 pounds of hemp, at 
another time 3800 pounds, and at another 2005 pounds. 
Having withdrawn 3473 pounds, what quantity remains in 
store? Ans.y 2832 pounds. 

35. A merchant bought flour at one time for $325, and 
at another time for $460. Having become damaged, the 
whole was sold at a loss of $184; for what sum was it 
sold? 

36. A man's annual income is $3700. His family ex- 
penses are $2500, and he bestows for benevolence $370 a 
year, and investc the remainder. How much does he 
invest ? 

37. A man owed $2000, on which he made 3 payments 
of $375, $580, and $260, respectively. How much re- 
mained unpaid ? 

38. William has 75 cents more than James, and 125 
cents less than Henry, who has 420. What is the number 
of cente which they all havQ? Am., 93$, 
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39. If one part of 13 is 7^ what is the other part ? 

40. A man has a &rm of 400 acres. Part is woodland 
and part is cultivated. The former part is 125 acres; 
how much is the latter? 

41. If the remainder is what is left of the minuend after 
taking the subtrahend out, what do the remainder and 
subtrahend when added together make ? 

As the remainder is one part of the minuend and the 
subtrahend the other, what will you obtain by taking the 
remainder out of the minuend ? 

50. Any device by which we may test the accuracy of 
an operation in arithmetic by some other operation is 
called a Proof of the work. 

Proof of Subtraction. — Subtraction maybe proved 
by adding the remainder to the subtrahend ; and if the 
work is right, the sum will equal the minuend. 

Or, we may prove subtraction by taking the remainder 
from the minuend ; and if the work is right, what is left 
will be equal to the subtrahend. 

[The pupil should give the reasons.] 

42 to 45. Solve the following examples, and prove them 
in both the above ways : 

(42) (43) (44) (46) 

528643 500608 182005 517000 

216805 23471 37050 134056 

46. The sum of 3 numbers is 5208. Two of the num- 
bers are 1250, and 2340. What is the third ? 

47. A man paid 15347 for a farm, implements, and 
stock. The implements cost $500, and the stock $2100. 
What was the cost of the land ? 

48. The difference between two numbers is 117, and the 
less number is 375. What is the greater ? 
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SECTION VI. 



MULTIPLICATION. 

FIRST STEP. 

Tb Ascertain the Product of any Number not greater 
than 12, Multiplied by any Number not greater 
than itself. 

1. What is tbe man in the picture doing? How many 
eggs has he in his hand ? K he takes 3 eggs at a time, 
how many will he have in his dish when he has taken 4 
times ? 3 + 3 + 3 + 3 = how many ? 

3. If the man should use both bands and take out 6 
eggs at a time, how many wonld he have when ha had 
taken 3 times? 5 +5 + 5 = bow many? 
4 times 3 are how many? 
3 times 5 are how many ? 

3. 3 + 3 + 2 + 3 = how many ? 
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2 + 2 + 2 + 2 = how many times 2? 
4 times 2 are how many P 

In this example how many times has 2 been taken ? 
What namber has been taken 4 times ? 
What number does 2 taken 4 times make ? 

51. The number which is taken a certain number of 
times is called the Multiplicand. 

The number which tells how many times the Multipli- 
cand is to be taken is called the Multiplier. 

The number which tells how many a certain number of 
times a given number makes is called the Product. 

Thus when I say ^^3 times 5 are 15/' 5 is the Multipli- 
cand^ 3 is the Multiplier, and 16 is the Product. 

52. The sign x is called the Sign of Multiplica- 
tion, and is read " Times J^ Thus 4 x 3 is read " 4 times 
3/' 3 X 5 is read " 3 times 5." 

4. 6 + 6 + 6 = how many ? 

6 + 6 + 6 is how many times 6 ? 

3 times 6 are how many? 3x6 = what? 

What is the multiplicand in this example ? What the 
multiplier ? What the product ? 

5. When you know that 4 times 7 are 28, how can you 
find how many 5 times 7 are ? How can you find 6 times 
7 when you know 6 times 7 ? 

6. If you have added 6 and 6, and found what 2 times 
6 are, how many times will you have to add 6 to this to 
make 3 times 6 ? 

7. To Multiply 4 by 6 is to take 6 times 4. What is the 
product of 7 multiplied by 3 ? By 4 ? By 5 ? 

8. What is meant when we speak of multiplying 4 

by 5? 

9. If you multiply 8 by 6, what is the product ? 
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To Ascertain the Product of any Number not greater than za, 
Multiplied by any Number not greater than itselt 

63. Rule. — Add the multiplicand to itself until it is 
taken as many times as are indicated iy the multiplier, 

10. How many are 5 times 3; that is, how many are 
3+3+3+3+3? 

11. In this manner fill out the following table after 
having copied it on your slate : 

MULTIPLICATION TABLE. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



1* = 

2 = 

3 = 

4 = 
6 = 

6 = 

7 = 

8 = 

9 = 
10 = 



X 11 = — 
X 12 = — 



2 X 
2 X 
2 X 
2 X 
2 X 
2 X 
2 X 
2 X 
2 X 
2*'x 
2 X 



2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 



3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



3 = 

4 = 
6 = 

6 = 

7 = 

8 = 

9 = 
10 = 

X 11 = 
X 12 = 



X 
X 
X 
X 
X 
X 
X 
X 



4 
4 
4 
4 
4 
4 
4 
4 
4 



4 
5 
6 
7 
8 
9 

X 10 
X 11 
X 12 



X 
X 
X 
X 
X 
X 



5 
5 
5 
5 
5 
5 
6 
6 



5 

6 
7 
8 
9 

X 10 
X 11 
X 12 



X 
X 
X 
X 
X 



6x7 
6x8 
6x9 
6 X 10 
6 X 11 
6 X 12 



7 
7 
7 
7 
7 
7 



X 
X 
X 
X 
X 
X 



7 

8 

9 

10 

11 

12 



8 X 
8 X 
8 
8 



X 
X 



8 

9 

10 

11 



8 X 12 = — 



9x9- 




9 X 10 = — 


10 X 10 


9 X 11 - 


10 X 11 


9 X 12- 


10 X 12 



11x11 
11x12 



12 X 12 = — 



12. Commit this table thoroughly to memory. 



• Read these, " once 1 is 1," " 3 times 2 are 4," '•a times 3 are 6," etc. 
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13. Test your knowledge of the preceding table by 
seeing if yon can answer the following, at oncBy without 
adding : 

5x7? 7x8? 3x4? 2x7? 8x9? 9x11? 
8x12? 4x7? 6x8? 2x12? 6x9? 7x12? 
6x9? 3x11? 8x10? 11x11? 5x5? 4x4? 
7x10? 6x7? 7x11? 8x12? 12x12? 4x8? 
[For driU exercises and other expedients, see Teacher's Hakd- 

BOOK.] ^ 
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To Ascertain the Product of any Nutnher not greater 
than 12, Multiplied by any Number greater than 
itself f and not greater than 12. 

1. How many stars are there in ***** * 
one of these columns 9 How many ****** 
columns are there ? If there are 7 * * * * * * * 
stars in one column, how many are * * * * * * 
there in 6 columns ? 6 times 7 are ****** 
how many? ****** 

How many stars are there in one ****** 
of the roios from left to right? How many such rows? 
If there are 6. stars in a row and 7 rows, how many stai'S 
in all ? Then 7 times 6 are how many ? 

What is the difference between 6 times 7 and 7 times 6 ? 

2. 3 times 4 are how many ? Make 3 columns with 4 
stars in each, and show it. 

Then 4 times 3 are how many? How can you show 
from your 3 columns of stars, with 4 in a column, that 
3.x 4 is the same as 4 x 3 ? 

3. 3 X 8 are how many? Then 8 x 3 are how many ? 
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To Ascertain the Product of any Number not greater than Z2, 
Multiplied by any Number greater than itself and not 
greater than 12, 

64. 'Rvle.— Observe, from your knowledge of the Mul- 
tiplication Table, what the product of the greater of the 
tioo numbers by the less is, and then remember that this is 
the same as the product of the less by the greater. 

4. How many are 7 times 4 ? 

Suggestion. — Think how many 4 times 7 arQ,* 

6. How many are 8 times 3 ? 5x4? 7x6? 4x2? 
6x4? 11 X 6? 12 X 8? 12 X 7? 
6. Copy on your slates and fill out the following : 



7x5 = 


3x2 = — 


9x8 = 


9x4 = 


6x3 = — 


2.x 1 = 


9x5 = 


9x1 = 


5 X 3 - — 


4x1 = — 


9x3 = 


10 X 5 = 


8x6 = 


5x3 = — 


7x2 = 


12 X 1 - , 


8x4 = 


6x1 = — 


8x2 = 


10x10= \ 


9x6 = 


9x7 = 


6x2 = 


11 X 9 = 


12 X 8 = — 


11 X 5 = — 


12 X 10 = 


8x5 = 


12x11 = — 


10 X 6 = 


12 X 12 = 


11 X 3 = — 


10 X 8 = 


12 X 9 = — 


12 X 6 = — 


12 X 2 = — 


11 X 7 = 


12 X 7 = 


12 X 4 = 


12 X 3- 


3x1= — 


4x3- 


4x2 = 


5 X 4- — 


5x1 = 


5x2 = 


6x4 = — 


7 X 4 = — 


6x5 = 


7x1 = 


7x3= — 


8x5 = 


7x6 = — 


8x1- 


8x3= — 


10 X 1 = 


8x7 = — 


9x2 = — 


10 X 2 = 


10 X 7- 


10 X 4 = — 


10 X 3 = — 


10 X 5 = 


11 X 4 = — 


10 X 9 = — 


11 X 1 = 


11 X 2 = 


12 X 5 = — 


11 X 5 = 


12 X 8 = 


12 X 6 = — 


12 X 10 = 



[This win afford a drill ezerciee, the teacher repeating what is writteo, and the 
pupils, Individaally or in concert, filling in the blank. Thus the teacher says 
»* 7 times 6,"— the pupil says " 35 ; " teacher, " 6 times 8," pupil, " 18," etc.] 



* Of course the pupil needs to know the product of a lees number by a greater 
as a foct of memory; but this will be attained without special effort. 
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7. If Jane goes to the table 4 times and gets books 
each time^ how many books will she get in the 4 times? 
4 times = how many ? 

8. How many are 3 times 0? 8x0? 12 xO? Any 
number of times ? 

9. Copy the following on your slates, and write the pro* 

duct under each : 

456839 10 11 7745 
372389 10 11 7687 



9 


7 


6 


7 


3 


6 


8 


6 


7 9 


4 


8 


8 


9 


8 


4 


1 


9 


9 


12 


12 12 


_7 


_8 



66. The Factors of a number are those numbers 
which multiplied together produce it Thus 2 and 3 are 
the factors of 6, because 2x3 = 6. 

10. Of what number are 5 and 3 the factors ? 7 and 2 ? 
3 and 4 ? 

11. What are the factors of 8 ? Of 10? Of 12? Of 9? 
Of 6? Of 18? 

12. If 3 is one of the factors of 12, what is the other? 

3 times what number makes 12 ? 

13. If 4 is one of the factors of 28, what is the other ? 

4 times what number makes 28 ? 



THIRD STEP. 

Four Principles on which the General Problem in 

Multiplication is based* 

1. How many groups of 4 stars 
each are there in the first row ? ** ** ** 
How many in the second row ? «« «« «« «« «« 
IIow many 4'8 are 3 4's and 5 4*s ? ** 

3 times 4, and 5 times 4 are how many times 4 ? 
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3 times 4 and 5 times 4 are how many ? 

2. Four times 6 and 3 times 6 are how many times 6 ? 
How many are 4 times 6 ? How many are 3 times 6 ? 

24 and 18 are how many ? 
Then how in this way can you get 7 times 6 ? 

3. Find out how many 7 times 8 are by taking 2 times 
8 and 5 times 8. 

4. If you have 6 times any number, how many more times 
that number must you take to make 9 times the number ? 
Find out how many 9 times 7 are by taking 6 times 7 and 
3 times 7. 

Principle I. 

56. One number may be multiplied by another by mul- 
tiplying the multiplicand by the parts of the multiplier 
and adding the products, 

5. Find how many 11 times 8 are by first taking 5 
times 8, and then 6 times 8. 

6. If you take 5 times a number, how many more times 
must you take it to make 8 times the number? Find by 
this principle 9 times 12. 

7. Find 8 times 7 by first taking 3 times 7. 

8. Find 12 times 9 by first taking 4 times 9. 

9. Find 12 times 7 by first taking 10 times 7. 

10. Find 12 times 8 by first taking 2 times 8. 

11. Find 13 times 9 by first taking 3 times 9. 

12. Find 9 times 8 by taking 4 times 8, 3 times 8, and 

2 times 8. 

13. Find 12 times 7 by taking 4 times 7, 5 times 7, and 

3 times 7. 

14. If you take 3 times 7, and 2 times 7, and 8 times 7, 
and add the products, how many times 7 have you ? 
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15. Find 14 times 9 by taking 3 times 9, 4 times 9, 5 
times 9^ and 2 times 9. 



%% 


♦*♦ 


%% 


♦*♦ 


n 


♦** 


tx 


*% 


%% 


**♦ 



1. Four stars and 3 stars are bow many 
stars ? If we bave 5 4's and 5 3'8, bow 
many 7's bave we? 5 times 4 are bow 
many ? 5 times 3 are bow many ? 

Tben from tbis bow many are 5 times 7 ? 

2. Since 5 is 3 and 2, if we take 4 times 
3 and 4 times 2, wbat number sball we 
have taken 4 times? Find 4 times 5 in 
this way. 

3. Find 8 times 11 by taking 8 times 6 and 8 times 5. 

4. Find 7 times 9 by taking 7 times 5 and 7 times 4. 
Also by taking 7 times 6 and 7 times 3. 

Principle II. 

57. One number may he multiplied by another by mul- 
tiplying the parts of the multiplicand by the multiplier, 
and adding the products. 

5. Find bow many 8 times 13 are by taking 8 times 3 
and 8 times 10. 

6. Fmd bow many 7 times 17 are by taking 7 times 7 
and 7 times 10. By taking 7 times 8 and 7 times 9. 

7. Find bow many 9 times 11 are by taking 9 times 2, 
9 times 3, and 9 times 6. 

8. Find bow many 8 times 9 are by taking 8 times 2, 
8 times 3, and 8 times 4. 

9. Find bow many 7 times 16 are by taking 7 times 6 
and 7 times 10. 

10. Find bow many 6 times 18 are by taking G times 8 
and 6 times 10. . 
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1. How many times 5 sta« are *^* *^, »^, 
there in the first row ? How many * * * * * * 
times 3 times 5 stars are there in 

4t ^ III 4c 4( 4 

both rows ? 2 times 3 times 5 stars ^% ^♦^ ^% 
make how many times 5 stars ? 

2 times 5 are how many? 3 times 10 are how many? 
Then how many are 6 times 10 ? 

Two times 3 times a number are how many times the 
number ? 

2. If you picked 4 quarts of currants in the forenoon 
and 4 quarts in the afternoon, how many woulcl you pick 
in a day? How many in 5 days ? 

How many times 4 quarts would you pick in 5 days ? 
5 times 2 times 4 make how many times 4 ? 

3. Four times 2 times 6 make how many times 6 ? 2 
times 6 are how many ? 4 times 12 are how many ? Then 
from this how many are 8 times 6 ? 

Principle III. 

58. One number may ie multiplied hy another by muU 
tiplying successively hy all the factors of the multiplier; 
that is, by multiplying the multiplicand by one of the 
factors, and this product by another, and so on. 

4. Multiply 2 by 12 by multiplying successively by 3 
and 4. By multiplying successively by 2 and 6. 

5. Multiply 3 by 21 by multiplying successively by 3 
and 7. 

6. Multiply 4 by 9 by multiplying successively by 3 and 3. 



1. If we write at the right of 4, what does it make? 
How many times 4 is 40 ? 

2. If we write at the right of 5, what does it make ? 
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How many times 5 is 50 ? What does it do to a namber 
to write a at the right of it ? 

3. To multiply 7 by 10 what have we to do? 

4. If we write two O^s at the right of 4, what does it 
make ? How many times 4 is 400 ? 

5. If we write two O's at the right of 3^ what does it 
make ? 300 is how many times 3 ? What then does it do 
to a number to write two O's at the right of it ? 

6. In 23 what order is the 3 ? What the 2 ? If now I 
annex two O's, thus, 2300, what is the 3 ? How many 
times what it was before ? What is the 2 ? How many 
times what it was before ? 

7. K I annex three O's to 4, what does the 4 then 
represent ? 4000 is how many times 4 ? 

Principle IV. 

59. To multiply by 10, 100, 1000, or 1 with any num- 
ber of O's annexedy annex as many O's to the multiplicand 
as there are in the multiplier. 

8. In this way multiply 7 by 10. By 100. By 1000. 
By 10000. 

9. In the same way multiply 37 by 10. By 100. By 
1000. By 10000. By 1000000. 



FOURTH STEP. 



To Multiply a Number represented by several Fig^ 
ures by another represented by One Figure. 

1. 2 hundreds and 3 tens, and 4 units are the parts of 
what number ? 

Then by what principle will 3 times % hundreds, and 3 
tens, aft4 ? imits be 3 times 234 ? 
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3 times 2 hundreds, and 3 tens, and 4 units are how 
many hundreds, tens, and units ? 
Then 3 times 234 are how many ? 

2. 2 hundreds, 3 tens, and 4 units are the parts of what 
number? 

Then by the 2d Principle, how many are 2 times 234 ? 

2 times 2 hundred are how many hundreds ? 2 times 
3 tens are how many tens ? 2 times 4 units are how many 
units ? 

3. In like manner find how many 3 times 322 are ? 
Does it make any difference whether we take 3 times 

the 3 hundreds, then the tens, and then the units, or reverse 
the order ? Try it both ways. 

4. How many are 4 times 212 ? 

Write the multiplier under the multiplicand 212 

as in the margin, and write the product under- 4 

neath, thus : 848 

5. In like manner perform the following : 

122 241 123 121 321 

3 2 2 4 2 



6. Multiply 347 by 6. 

Suggestions. — Writing the multiplier under the mul- 047 
tiplicand, so that we may see them both at the same time 6 

conveniently, we observe that 6 times the 3 parts of which 
the multiplicand is composed make 18 hundreds, 24 tens, and 
42 units. If now we were to take 6 times the 3 hundreds flnt, 

and write down this product, 18 hundreds, we should be 

847 
obliged to change the figures when we came to add in 6 « 

times the 4 tens, or 24 tens, for this makes 2 hundreds and Jg 

4 tens, so that we should have 20 hundreds instead of 18. 

If, however, we begin with the units part of the multiplicand, 

and take the parts in succession from the lowest order to the 
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fiigheBt, and if the product arising from multiplying any lower 
order makes any of tlie next higher order, we shall know it, and 
be able to add it as we go along, without the necessity of 
changing the figures after we have once written them. "'J 
Thus 6 times 7 units are 42 units, or 4 tens and 2 units. — » 
Writing down the 2 units so as to remember them, we keep 
the 4 tens in mind to be added to the 6 times 4 tens. Now 6 times 
4 tens are 24 tens, and adding the 4 tens which came from 6 times 
the 7 units, we have 28 tens, or 2 hundreds and 8 tens. As 
before, writing down the 8 tens and holding the 2 hundreds 347 

in mind, we take 6 times the 3 hundreds, and finding that ^ 

it makes 18 hundreds, add the 2 hundreds which arose ^ 
from the tens, and have 20 hundreds, or 2 thousands and 347 

hundreds. Writing these down, we have the product of 5 

6 times 347, since we have multiplied the parts of 347 by ^^^ 
9, and have added the results. 

7. Multiply 587 by 4. Prorf., 2348. 

8. Multiply 326 by 9. 

To Multiply a Kumber represented by several Figures by 
another represented by One Figure. 

60. Bule. — Write the multiplier under the units figure 
of the multiplicandy and beginning with the units, mul- 
tiply each figure of the multiplicand successively by the 
multiplier, observing that tohen any order is multiplied, 
only that part of the product which is of this order is 
to be written down, tvhile the other part is to be field in 
mind to be added to tJie product arising from multiplying 
the next figure. 

Reasons. — There is no reason except custom for writing the mul- 
tiplier under the multiplicand. It would be just as well to write it 
over. (Try it.) We do, however, want them so near each other 
that we can see them both at a glance, and so it is convenient to 
write one of them under the other. It is not necessary that the 
multiplier be written under the units of the multiplicand. The 
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process of moltiplTing gives the correct product, because we mul- 
tiply all the parts of the multiplicaud by the multiplier, and add 
the resulting products. Principle II, We begin at units to mul- 
tiply, because by multiplying the lower orders first, we can discern 
how many the product of any lower order by the multiplier will 
make of the next higher order, and thus add it in as we go along, 
and not have to change our work; 

9. Multiply 756 by 3. 

10. Multiply 8027 by 5. 
Perfonn the following : 

11. 12. 18. 14 
382 5876 8546 502 

6 4 7 9 



17. 18. 19. 20. 

648 1082 5050 73046 
7 9 4 3 



16. 
246025 
5 

21. 
10708 
2 



16. 
512704 
8 

22. 

980789 
9 



FIFTH STEP. 

To Multiply a Number represented by several Fig^ 
tires by a Number represented by several Digits. 

1. If we take a number 4 times, and 3 tens (30) times, 
and 2 hundreds times, and add the results, how many 
times shall we have taken the number? By what prin- 
ciple ? 

2. Since 3 tens, or 30, is 10 x 3, if we multiply a num- 
ber by 3 and then this product by 10, how many times the 
number shall we have ? By what principle f 10 times 3 
times anything makes how many times that thing ? 

How do you multiply a number by 10 ? 4:th Principle. 

3. Since 2 hundreds, or 200, is 100 x 2, if we multiply 
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any number by 2 and then this product by 100, how many 
times the number shall we have? By what Principle f 
100 times 2 times anything makes bow many times that 
thing ? 

How do you multiply by 100 ? 4:th PrincijyU. 

4. Let us now multiply 576 by 234. 

Explanation. — Ab we have just seen, we want to take 

4 tunes 576, 10 times 3 times 576, and 100 times 2 times ^'^^ 

676, and add the results. ^^ 

4 times 576 is 2804 

8 times 576 is 1728, and 10 times this is . . 17280 

2 times 576 is 1152, and 100 times this is . . 115200 

Hence 234 times 576 is 134784 

6. Multiply 497 by 342. 

Explanation. 842 is 300 + 40 + 2 Hence we are to take 2 
mnes 497, 40 times 497, and 300 time9 497. To get 2 times 497, we 
multiply by 2. To get 40 times 497, we take 10 times 4 
times 497. To get 300 times 497, we take 100 times 8 497 

times 497. 842 

2 times 497 is 994 

4 times 497 is 1988, and 10 times this is . . . 1988 

3 times 497 is 1491, and 100 times this is . . . 1491 

Hence 342 times 497 is . . . . . . 169974 

In tliis work we did not write the units figure of 
19880, but wrote its tens, hundreds, thousands, and ten thousands 
in their proper places without the 0. So we neglected the two 0*s 
of 149100, observing to write the digits in their proper orders with- 
out these O's. 

To Multiply a Number represented by several Figures by a 
Number represented by several Digits. 

61. Bule* — /. Write the multiplier under the multi- 
plicand, so that the orders in the multiplier shall fall 
under like orders in the multiplicand. 
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IL Beginning with the units of the multiplier^ multiply 
the multiplicand hy each of the figures of the multiplier in 
successions observing to write the first figure in each pro- 
duct under the one hy tohich you are multiplying. 

IIL Add these products. 

Reasons. — ^We write the multiplier under the multiplicand as a 
matter of custom ; it would do just as well to write it above. But 
we want both multiplier and multiplicand where we can see them 
at a glance. 

We multiply first by the units also because it is customary. It is 
about as convenient to use the highest order in the multiplier first. 

When we multiply by the tens figure, we get as many times the 
multiplicand as this figure indicates, and then by moving this pro. 
duct one place to the right, we multiply it by 10 ; thus we multiplj 
the multiplicand successively by the factors of this part of the mul- 
tiplier. 

In like manner we multiply by the factors of the hundreds part 
of the multiplier, etc., according to Principles III. and FV, 

Finally, having multiplied the multiplicand by the parts of the 

multiplier, we add these products together, and so have a number 

which is as many times the multiplicand as are indicated by th« 

multiplier, by Proposition L 

3587 
5. Multiply 3587 by 5462. 5463 

7174 
These are often called partial products. \ 143S 

17935 



19592194 

62. Multiplication is the process of finding the 
product of two numbers by means of a knowledge of the 
Multiplication Table. 

It is to be observed that there are three ways of finding how many 
a certain number of times a given number makes, viz., by counting, 
by adding, and by the process we call Multiplication. The Multi- 
plication Table gives the product of each possible pair of the nine 
digits, and it is using these facts so as to find the product of any 
two numhen that we call Multiplication. 
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Examples for Practice, 

1. Multiply 3466 by 74. Prod., 265744. 

2. Multiply 345 by 34. 

3. Multiply 234 by 26. 

4. Multiply 345 by 789. 
6. Multiply 1357908 by 144. 

6. Multiply 543 by 254. 

7. Multiply 3407 by 682. 

8. Multiply 781 by 23. 

9. Multiply 5807 by 19. 

10. Multiply 7005 by 37. 

11. Multiply 850407 by 3789. 

12. Multiply 23456789 by 14. 

13. Multiply 65432 by 15. 

14. Multiply 8429638 by 7294. 

15. Multiply 7364951 by 888. 

16. Multiply 653842 by 18. 

17. Multiply 603040 by 19. 

18. Multiply 364812 by 71. 

19. Multiply 482436 by 81. 

20. Multiply 2468 by 91. 

21. Multiply 6739542 by 346. 

22. Multiply 72926495 by 4567. 

23. Multiply 123456 by 16. 

24. Multiply 437426 by 17. 

25. Multiply 89764267 by 999. 

26. Multiply 46371674 by 49684. Prorf., 2303930251016, 

27. Multiply 4364369 by 61. Prod.y 222582819. 

28. Multiply 6937845 by 61. Prod.y 423208546. 

29. Multiply 36598674 by 432. Prod, 15810627168. 
50. Multiply 46354897816 by 56843. 



Prod., 272205. 

Prod, 195538752. 

Prod., 137922. 

Prod.y 2323574. 

Prod.y 110333. 

Prod., 259185. 

Prod., 3222192123. 

Prod, 328395046. 

Prod., 61485779572. 

Prod., 6540076488. 

Prod., 11769156. 

Prod., 25901652. 

Prorf., 224588. 
Prod,, 2331881532. 

Prod., 1975296. 

Prod., 7436242. 

Prod., 89674502733. 
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31. Mul^ply 6847 by 207. 

Suggestion. 207 is 200 and 7. Hence we are to 6847 

take 7 times 6847, which is 47929, and 100 times 2 ^'^ 

times 6847 ; that is, 13694 multiplied by 100, or written 13594^^ 
two places to the left Hence we see that the in 1417829 
the multiplier makes no exception to the rule that we 
are to write the first figure of each partial product under the figure 
in the multiplier by which we multiply to produce it. As we have 
no tens in this example, we skip that order in multiplying. 

32. Multiply 30257 by 2305. Prod.y 69742386. 

33. Multiply 587640 by 4008. Prod., 2355261120. 

34. Multiply 380900 by 301. Prod., 114650900. 

35. Multiply 4008 by 4008. Prod,, 16064064 

36. Multiply 808058 by 808058. 

Prod.y 652957731364. 



SIXTH STEP. 

When there are Q^s at the right of either Multiplier 

or Multiplicand, or of both. 

1. 2 times 4 hundreds are how many hundreds? 10 
times 8 hundreds are how many hundreds? 

2. Multiply 300 by 40. 

Suggestions. 4 times 3 hundreds are 12 hundreds ; and 10 times 
12 hundreds are 120 hundreds, which is written 12000. Hence 
40x300 = 12000. 

Td^ Multiply when there are O's at the right of either the 
Multiplier or Multiplicand, or of both. 

63. Bule. — Neglect the O^s at first, and multiply as 
though there were none. To the product thus obtained 



MULTIPLICATION. 73 

annex as many (fs as there are at the right of both muJr 
tiplier and multiplicand. 

3. Multiply 38400 by 860. 

Bzplanation. 88400 may be considered as 884 bun- 30400 
dreds, and 200 as 10 times 26. Hence we may first take 200 
260 times 384 This we can do by takinjjr 26 times 884, 2d()4~~ 
wbich is 9984, and then 10 times this product. This '^^ 
gives 99840, which is 260 times 384 hundreds, or 99840 ^^^^^ 
hundreds. This is written 9984000. 

Queries".— Why could we neglect the two 0*s in 38400 ? ATitwer 
Because we could remember that the 384 was hundreds without 
them. Why could we neglect the at the right of 260 ? Anwier* 
Because as we wished to multiply 384 hundreds by 260, we could 
do it by multiplying successively by the factors 26 and 10, and 
neglecting the gives us the factor 26 to multiply by. Why do w^ 
annex three 0*s to the product of 384 by 26 ? Answer. We, annex 
one to multiply by the factor 10 of 260 ; and the other two 0'« 
because the result is hundreds. 

4. Multiply 75800 by 5600. 

5. Multiply 308000 by 1280. 

6. Multiply 5864 by 300. 

7. Multiply 280050000 by 80. 

8. Multiply 50Q0 by 700. 

Do this and the following without slate and pencil (mentally), and 
explain the operation. 

9. Multiply 1200 by 40. 

10. Multiply 11000 by 600. 

11, Multiply 80 by 90. 60 by 50. 

Bxplanation. 60 is 6 tens. We then wish to multiply 6 tens by 
50. This can be done by multiplying successively by the factors 5 
and 10. Thus 5 times 6 tens are 80 tens, and 10 times 80 tens are 
800 tens. But 800 tens are 3000. Hence 50 x 60 = 8000. 
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Applications. 

1. George bought 7 lemons at 6 cents each. How much 
did they cost ? 

If each l«inon cost 6 cents, 7 lemons cost 7 times 6 cents, which is 
42 cents. 

2. If I pay $7 a cord for wood, how much will 3 cords 
cost me ? 

3. If I pay 16 a cord for wood, how much will 12 cords 
cost me ? 23 cords ? 

If each cord costs $6, 23 cords will cost 23 times $6. But since 
6 times 23 is the same as 23 times 6, 1 will use the 6 as the multi- 
plier, it being more convenient. 

Or, at |1 a cord 23 cords cost $23 ;-but at $6 a cord they cost 6 
times as much, or 6 times $23, which is $138. 

4. At $8 a barrel, what do 5 barrels of flour cost? 7 
barrels ? 10 barrels ? 30 barrels ? 256 barrels ? 3428 
barrels ? [Use the slate for the last two only.] 

5. How much will 14 cords of wood cost at 560 cents a 

cord ? 

6. How much will 7 acres of land cost at $128 an acre ? 
How much will 37 acres cost at the same rate ? 

7. A boy lived 4 miles from the village, and used to go 
there and back every day in the week except Sunday. 
How far did he travel in so doing in 1 week ? 

Ans., 48 miles. 

8. Mary bought 13 yards of calico at 17 cents a yard, 
and 5 spools of thread at 6 cents a spool. How much did 
ahe pay for both ? Am., 251 centa 

9. How many hundreds in 251 ? A dollar is 100 centfL 
How many dollars in 251 centa ? How many ceata be^ 
aidea? 
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2 dollars and 51 cents are written $3.51. As the |2 is 2 hundred 
cents, we can write $2.51, 251 cents. What is $5.31 ? How many 
cents? $15.45 are how many cents? 2347 cents are how many 
dollars and cents? fiow written? What is $341.20? 

Since dollars are just hundreds of cents, we can multiply numbers 
representing dollars and cents the same as other numbers, and the 
tens and units of the product will be cents, and the other figures 
dollars. 

10. At $5.37 a barrel, how much will 24 bar- •S.S? 

24 

rels of flour cost ? ^j^ 

We do this thus : ^^74 

$128.88 

11. At $3.75 a cord, how much will 58 cords of wood 
cost ? 20 cords ? 200 cords ? Answer to the last, $760. 

Ueo the slate for the first of these only. 

12. If it costs on an average $2527 a mile to build a 
certain railroad, how much will it cost to build 288 miles? 

Ans., *727776. 

13. At $5.26 a yard, how much will 11 yards of cloth 
cost? 13 yards? 5 yards? 250 yards? 

Answer to last, $.1312.60. 

14. I bought a work in 4 volumes, which cost $8.64 a 
volume. How much did the work cost? 

15- There are 24 hours in one day, i. e., a day and night 
How many houra in a week ? How many in 4 weeks ? 
How many hours in a month of 30 days ? A month of 31 
days? 

16. There are 60 minutes in an hour. How many 
minutes in a day (24 hours) ? 

17. There are 12 inches in a foot. How many inches 
in a yard, a yard being 3 feet ? 

18. There are 2 pints in a quart, and 8 quarts in a peck. 
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How many pints in a peck? There are 4 pecks in a 
bushel. How many pints in a bushel ? 

Anstver to last, 64 pints. 

19. At 15 cents a quart, how much does a bushel of 
strawberries cost ? 

20. At 13 cents a pound, how much do 3 pounds of 
beefsteak cost ? 5 pounds ? 7 pounds ? 2 pounds ? 



21. A drover bought 256 horses at an average of $125 
each, 347 oxen at $87 each, and 250 sheep at $3 each. 
How much did all cost him ? Ans., $62939. 

22. A has 395 acres of land, worth $27 an acre ; and B 
has 493 acres, worth $19 an acre. What is the value of 
both of their farms ? Ans,, 120032. 

23. A merchant bought 12 boxes of linen, each contain- 
ig 25 pieces, and each piece containing 36 yards, at 65. 
cents a yard. How many pieces and how many yards did 
he buy, and how many dollars did it all cost him ? 

Ans., $7020. 

24. A merchant bought 25 pieces of broadcloth, each 
piece containing 48 yards, at 9 dollars a yard. How much 
did he pay for the whole? 

25. If a steamship can sail 18 miles in 1 hour, how far 
can she sail in 34 days of 24 hours each ? 

26. John bought 3 pencils at 7 cents each, and handed 
the salesman 25 cents. How much change must he re- 
ceive? 

27. Bought 3 oranges at 8 cents each, and a melon at 
12 cents, and handed the grocer 50 cents. How much 
change must he give me back ? 

28. A woman brought 27 dozen eggs and 37 pounds of 
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butter to market. She sold her eggs at 17 cents a dozen, 
and her butter at 32 cents a pound. She bought 1 pound 
of tea at $1.25, 5 pounds of sugar at 15 cents a pound, and 
8 pounds of coffee at 39 cents. How much more did she 
get for her eggs and butter tlian her tea, sugar, and coffee 
cost her ? Ans., 111.31. 

29. There is an orchard consisting of 126 rows of trees, 
and in each row are 109 trees. How many apples in the 
orchard, allowing an average of 1007 on a tree ? 

Am., 13830138 apples. 

30. A certain state contains 50 counties; each county, 
35 towns ; each town, 300 houses, and each house, 8 per- 
sons. "What is the population of the state ? 

Ans., 4200000. 

31. A man bought a farm of 450 acres for $75 an acre, 
and spent $2500 in improvements. He then sold it at $80 
an acre. Did he gain or lose ? How much ? 

Ans., He lost $250. 

32. A farmer purchased a farm of 325 acres, at 45 dol- 
lars per acre, and made a payment of 875 dollars. In 
order to make another payment, he sold 75 acres at 58 
dollars per acre. How much did he owe on his farm after 
the second payment was made ? Ans.^ 9400 dollars. 

33. If a young man's salary is 600 dollars per year, of 
which he takes 45 dollars to purchase books, and 300 dol- 
lars for board and other expenses, how much money will 
he have at the end of 7 years ? Ans,^ 1785 dollars; 

34. At 55 dollars per ton, what will the rails for a rail- 
road cost, if the road is 75 miles long, and it takes 112 
tons per mile ? Am,, 462000 dollars. 

35. It has been found by experiment that a sheep which 
is fed in the open air, consumes 1912 pounds of turnips 
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&om Koyember 18 to March 9, and that a sheep of the 
same size^ fed under a shed, consomegy during the same 
time^ 1394 pounds of turnips. How many pounds of tur- 
nips would a farmer save in a single winter by feeding 345 
sheep under a shed, instead of in the open air ? 

An8.y 178710 pound& 

36. A man owned 4376 acres of land; he sold 468 acres 
at $19 per acre. What is the remainder worth at $20 per 
acre ? Ans.y $78160, 

37. Henry earned $46 at one time and $27 at another 
time ; his father then gave him three times as much as he 
had earned. How much did his father give him ? 

Am,, $219, 

38. A hardware merchant bought at one time 250 
pounds of tin^ at another 345 pounds, and at another 562 
pounds, and paid for it all $462.80. He afterward sold it 
all at 45 cents a pound. How much did he receive for 
it? ^W5., $520.65. 

39. A merchant bought 275 yards of cloth, at 6 dollars 
per yard, of which he has sold 133 yards, at 10 dollars per 
yard. What would he gain on the whole by selling the 
remainder at 9 dollars per yard ? Ans,, 958 dollars. 

40. If a wagon cost $48, a yoke of oxen 3 times as 
much, lacking $54, and a span of horses as much as the 
wagon and oxen together, what was the cost of the oxen 
and horses respectively, and of all ? 

[The Tbachbb's Hand-Book contains nearly 200 additional 
exercises in Multiplication, from which the Teacher can draw for 
class driU.] 
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SECTION vn. 

DIVISION. 



FIRST STEP. 



JHfinitiona, and how to make the Division T«Me> 

1. How many apples are there on the table in the pic- 
ture ? How many groupa are there ? How many in each 
group ? How many S'e in 13 ? 

2. 3 times 2 are how many P 3 3's make how many? 
How many 3'a in 6 ? 

3. How many 5'8 in 15 ? This is the same as asking 
how many times d it takes to make 15. 

4. How many 9'b in 36 ? Why ? 

Answer. There are 4 9'b in 36, because 4 times 9 are 36. 

6. If 13 apples are separated into i equal gronps, how 
many toe there in each group ? 

6. If 13 is separated into 3 equal parts, what is one of 
the part« ? Do 3 3's, 3 S's, 3 4'b, or 3 S's make 15 ? 
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7. If 18 is separated into 6 equal parts^ how many are 
there in each part? 6 times what number makes 18 ? 

64. Division is a process of finding how many times 
one number is contained in another. 

Division enables us also to separate a number into any 
number of equal parts, and find how many there are in 
one of these parts. 

65. Separating a number into equal parts, or finding 
how many times another number is contained in it, is 
called Dividing it by the number expressing the number 
of equal parts, or by the number which is contained in it. 

66. The number to be divided is called the Dividend. 
The number by which the dividend is divided is called 

the Divisor. 

The number which tells how many times the divisor i^ 
contained in the dividend, or what is one of the required 
equal parts of the dividend, is called the Quotient. 

8. How many times is 7 contained in 21 ? That is, how 
many 7's make 21 ? - 

Which of these numbers is the Dividend f 
Which the Divisor f 
What is the' Quotient f 

9. What is one of the 5 equal parts into which 30 can 
be divided ? That is, 5 times what number makes 30 ? 

Which number is the Dividend t 
Which the Divisor f 
What is the Quotient f 

10. Divide 27 by 9 ; that is, find how many 9's there 
are in 27. 

11. How many times is 6 contained in 42? That is^ 
how many 6'8 make 42 ? 

12. How many times is 4 contained in 24 ? In 32 ? 
In 36? In 16? In 8? 
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To Find what the Quotient is when neither Divisor nor 

Quotient exceeds 9. 

67. Rule. — Consider, from your knowledge of the MuU 
Uplication Table, how many times the given divisor must 
be taken in order to make the given dividend. 

68. The signH- is the sign of division, and is read 
'' divided by/' Thus 24 -^ 6 is read " 24 divided by 6." The 
dividend is written before the sign and the divisor after it. 

13. Copy on your slate the following and fill the blanks : 
7 times = 28 ; therefore 28 -^ 7 = . 

4 times = 20 ; therefore 20 -^ 4 = . 

3 times = 18 ; therefore 18 — 3 = . 

6 times = 18 ; therefore 18 -1- 6 = -. . 

14. Copy on your slate and fill out the following : 
3x5 = — ; therefore 15 -r- 3 = — , and 15 -^ 5 = — . 
7x8 = — ; therefore 56 -i- 7 = — , and 56 -i- 8 = — . 
6x9 = — ; therefore 54 -^ 6 = — , and 54 -~ 9 = — . 
7 X 5 = — ; therefore 35 ~ 5 = — , and 35 -^ 7 = — . 
6 X 7 = — ; therefore 42 -r- 6 = — , and 42 -^ 7 = — . 

15. How many times is 1 contained in 6 ? That is, how 
many I's in 6 ? 

16. Whatis3^1? 7-r-l? 8-^1? 1h-1? 2-1? 
9-T-l? 4-^1? 

69. As multiplication is finding the product when the 
two factors are given, so division is finding one of the fac- 
tors when the product and the other factor are given. 
The Dividend is the Product of the Quotient and Divisor.* 

17. ff one of the factors of 24 is 4, what is the other ? 
What is 24 -;- 6? 

K one of the factors of '24 is 4, what is the other? 
What is 24 ^4? 



« 



This statement ie absolutely correct when the division is complete, and it is 
not thonght advisable to confose the pnpil by introducing the idea of a remainder 
at this stage of his progress. 
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18, Copy on your slate and fill out the following 



DIVISION TABLE. 



When 2 w one factor. 


2x2 = —. .-.{ 4 + 8 = — . 


2 X 3-—..-. Itl" ; 


2 X 4--..-. i:J- : 


9wK_ .(10 + 8 = . 

4, X — — •..10 + 5 = . 


s/ ft ( IS + 2 = . 

2 X 6 — — . .-.■ 12 + 6 = . 


9 w 7 — • J 14 + 8 = . 

4, X /— •••14 + 7 = . 


Owft— .il6 + 8 = . 

^ X O — ..." 16 + 8 = . 


O vy O . J18 + 8 = . 

2X9 = — . .'.■ 18 + 9- 


^hen 3 is one factor. 


3 X 3 — — . .•.] 9 + 8 . 


3x4- ..-.{ll:!: : 


3 X 5 = -..-. }i:«z : 


3 x6--..-. l|:iz ; 


3 x7 = -..-.{g:?= : 


3 X 8 --..-. U:i= : 


q y q _ . (27 + 8 = . 

X y . . .127 + 9- 


When 4: is one factor. 


4x4 = —. .-.{16 + 4 = — . 


4. ^ K — . (20 + 4 = — . 
4 X — ... 90 + 5- 


A ^ a ^ . (24 + 4 = . 

* X D — ... 24 + 6- 


4. V 7 — . i28-^4 = . 

4 X / • • •188 + 7- 



4x8 = —., 
4x9 = —., 


. (82 + 4 = . 

' •188 + 8 = •. 

. (36 + 4 = . 

. 86 H- 9 = . 


When 5 is 
5x5 = —.. 

5x6 = —.. 
5x7 = —., 
5x8 = —.. 
5 X 9 - . . 


one factor. 

/.|86 + 6 = . 

. ( 80 + 6 = . 

. . 80 + 6 = —. 

. (85 + 6 = . 

. . 86 + 7 . 

. ( 40 + 6 = . 

' ." 40 + 8 = 

. (45 + 6= . 

• •145 + 9 = 


When is 
6x6-—.. 
6x7- .. 
6 X 8 - . . 
6x9=—.. 


one factor. 

.•.|86 + 6 = . 

. (48 + 6 = . 

• •142 + 7 = . 

. j48 + 6= . 

• •148 + 8 = . 

. (54 + e = . 

• • 1 64 + 9 = . 


When 7 is 
7x7- .. 
7x8= . , 
7 X 9 - . , 


onefodstor. 
.•.•{49 + 7 = — . 

, (56 + 7 = . 

• 1 56 + 8 = . 

. (68 + 7 = . 

. 1 68 + 9 = . 


When 8 U 
8x8-—.. 

8 X 9 - . , 


one factor, 

•. -^ 64 + 8 = . 

. ( 72 + 8 = . 

. 1 78 + 9 = . 



When 9 is one factor. 
9 X 9 = — . .-.{81 + 9 = 



This table must be so well learned that any quotient can be given 
at once. But if multiplication has been well learned, this will cost 
little labor. 
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1. How many cherries in this 
dish ? If you take out 3 at a 
time, how many times can you 
take? How many will remain 
after you have taken out 3 3's ? 

If you take 4 at a time, how 
many times can you take ? How 
many will remain ? 

How many 4's in 11, and how many over ? 

How many 5'8 in 11, and how many remain ? How 
many 2*8 ? 

2. How many 3*s in 8, and how many over ? 3 is con- 
tained in 8 how many times, and leaves what remainder ? 

3. 15 -^ 4 = how many, and what remainder ? Does it 
take all of 15 to contain 4 3 times ? 

70. When the entire divisor has been taken out of the 
dividend as many times as possible, if anything is left it 
is called the Bemainder.* 

If there is no remainder, the division is said to be exact 

4. How many times is 3 contained in 17, and what i9 
the remainder ? 

5. Fill the blanks in the following : 



23 -f- 4 = 
Id^ 6 = 
47^ 7 = 
50^ 8 = 
43 -^5 = 
28-^4 = 



-, and 
-, and 
-, and 
-, and 



-, and 
-, and 



remainder, 
remainder, 
remainder, 
remainder, 
remainder, 
remainder. 



* If thought desirable, the teacher can explain the Bigniflcance of the term 
BemeAnder when diviBion is conceived to be a separation of a number into equal 
parts. It is not thought best to cumber the definition with both ideas. 



fl 
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SECOND STEP. _ 

Tfiree Fundamental BtH^nciples. 

1. How many 3's are there in 12 ? 

Then how many 3's are there in 2 12's, or 24 ? 
How many in 3 12's, or 36 ? 
How many in 10 12's, or 120 ? 

2. How many 4's are there in 20 ? 

Then how many 4^s are there in 40 ? In.60 ? 
How many 4's in 10 20's, or200? 

3. How many times is 2 contained in 6 ? 

Then how many times is 2 contained in twice 6, (ht 12? 
In 4 times 6 ? In 10 times 6 ? 

4. How many times is 3 contained in 9 ? 

Then how many times is 3 contained in. 900, which is 
100 times 9 ? In 9000, which is 1000 times 9 ? 

Principle I. 
71. Whatever number of times a given divisor is con* 
tained in a given dividend, this divisor is contained in 
twice this dividend, twice as many times; i?i 3 times this 
dividend, S times a^ many times ; in 10 times this divi' 
deridy 10 times as many times, etc, 

5. How many times is 4 contained in 80 ? In 800 ? 
In 8000? 

First, 4 is contained in 8 2 times. Hence it is confained in 80 10 
times 3, or 30 times, since 80 is 10 times 8. In 800 4 is contained 
100 times 3, or 300 times, since 800 is 100 tinaes 8, etc. 

6. How many times is 5 contained in 1500 ? In 15000 ? 
In 150000? 

7. How many times is 6 contained in 42? Then m 
420? In 4200? In 42000? In 42000000? 
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1. How many 2's aie there in 4? How mmj in 8? 
Then how many in 4 and 8 together, or 12 ? 

2. How many 2's in 6 ? How many in 8 ? How many 
in 12 ? Then how many in 6 + 8 + 12, or 26 ? 

3. How many times is 4 contained in 20 ? In 8 ? Then 
in 28? 

4. 6, 9, and 12 are the parts of what number ? How 
many times is 3 contained in each of these parts ? Then 
how many times in all the parts together ? 

Principle II. 

72. We may find how many times a given divisor is 
contained in a given dividend, ly finding hoiv many times 
it is contained in each of the parts of the dividend and 
adding the results together. 

5. 10 and 8 are the parts of what number ? 2 is con- 
tained in 10 how many times? In 8 how many times ? 
Then in 10 + 8, or 18 ? 

6. 846 are 800, 40, and 6. Find how many times 2 is 
contained in 846, according to the two principles just 
explained. 

Suggestion. 2 is contained in 8 4 times, and in 800 100 times 4 
times, or 400 times. Principle L 

2 is contained in 4 2 times, and in 40 10 times 2, or 20 times, 
Principle L 

2 is contained in 6 3 times. 

Hence 2 is contained in 846 400 + 20 + 8, or 423 times. 

7. Find, as in the last, how manj times 3 is contained 
in 1296, that is, in 1200, 90, and 6. 

8. How many tiraes is 4 contained in 1284 ? In 844? 
In 888? In 444? In 1688? 
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\. Here are 4 banclieB of grapes, 
nith 11 grapes iu each baQch. Kyoo 
take 3 grapes from a biincli as many 
times as yoa can, how many times will 
it be, and how many will be left ? If 
yoa do so with each bnnch, how many 
times will yoa have taken 3 grspee, 
and how many will be left in all ? 

3 is contained in 11 3 times, and % remainder. Then io 
4 times 11, it is contained 4 times as many times, with 4 
snob remainders. 

2. How many times is 5 contained in 23, and how many 
remain? Then how many times is 5 contained in 7 times 
33, and how many remain ? 

Principle III. 
73. If a given divisor is contained in any dividend a 
certain number of times with a certain remainder, it is 
contained in % times that dividend 2 times as many times 
mth 2 times as great a remainder, in 3 times that divi- 
dend 3 times as many times with 3 times as great a 
remainder, in 10 times as great a dividend 10 times as 
many times with 10 tim^ as great a remainder, etc.* 

3. How many times is 7 contained in 26, and with what 
reminder ? In 6 times 25, with what remainder? In 10 
times 25, etc. ? In 100 times 25, etc. ? 

Answer to last, 3 hundred times and 4 hundred re- 
mainder. 



DIVISION. 87 

4. 37 -^ 7 = 5 and 2 remamder. Then how many times 
Is 7 contained in 37 tens^ and with what remainder ? In 
37 hundreds ? In 37 thousands ? 



THIRD STEP. 

Short Division, 

1. Divide 537 by 2. 

Explanation. — In order that we may see both at ^. ^^^ ^ 

once« conveniently, we write the divisor on the left of 5^ 

the dividend. 

2 is contained in 5 ? times, with 1 remainder. Then by Principle 
III. it is contained in 5 hundreds, 2 hundreds times, with 1 hundred 
remainder. The 1 hundred remainder is 10 tens, which with, the 
8 tens make 13 tens. 2 is contained in 13 6 times, with 1 remainder. 
Then by Principle III. it is contained in 13 tens 6 tens times, with 
1 ten remainder. The 1 ten remaining is 10 units, which with the 
7 units make 17 units. 2 is contained in 17 units 8 times, and 1 
remainder.* 

To Divide by the Method called Short Division. 

74, Rule. — /. Write the divisor on the left of the 
dividend^ and beginning tvith the highest order^ or orders, 
which regarded as units will contain the divisor^ divide 
and write the^ quotient figure underneath the lotoest order 
thus used, remembering the remainder. 

IL Proceeding to the next lower order, divide it to- 
gether with what was left of the higher, if there was a 
remainder, and write the quotient thus arising under this 
last order used. Proceed in this manner until all the 
orders in the dividend have been divided. 



* It niay be profitable to lllufltrate this operation by means of the packages 
of counters. It makes a very pretty exercise, and puts the truth In concrete form. 
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III. If at any time after the first quotient figure ?ids 
been written^ the divisor is not contained in the next 
lower order, together with what, is brought to it from the 
higher, write in the quotient, and proceed to the next 
lower order. 

Reasons. — The divisor is written at the left of the dividend, 
simply that we may be able to see both at once conveniently. 

We begin at the highest order to divide, because by so doing we 
can put what remains after each division into the next lower order 
and divide it; and thus we get all there is of any order 3n the 
quotient as we go along.* 

We write the quotient figures under the orders from whose divi 
sion they arise, because they are of the same orders. 

The process ascertains how many times the divisor is contained in 
the dividend by finding how many times it is contained in the parts 
of the dividend and adding the results, Principle II, This can be 
readily illustrated by an example. For this purpose let us divide 
1547 by 4 

Analysis of Operation. 



r 12 hds. In this 4 is contained 3 hds, or 300 times. 

1K17 — J ^ *®^®' ^^ *^ ^ ^ contained 8 tens, or 80 times. 



] 24 ) . , In this 4 is contained 6 units, or 6 times. 
' ^ units. 



y and 3 ) ' In this 4 is contained no times. 

.'. In 1547 4 is contained 386 times, 

with a remainder 3. 

2. Diyide 17834 by 7. 

Operation. 

7)17834—5 
2547 . 



* On page 89, Ex. 13, is an example eolvfed by beginning with the lowest order. 
Such iUnstrations might he introduced here by the teacher. 
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Perfonn the following, explaining the process : 

a 4. 6. 6. 7. 

2)1349 3)736 6)2483 6)3486 7)288905 

^-MB— VH^BH^^ ^m^^m^i^^^ m^^l^^m^m^f ^^^t^^^^^t^ «^i^H^W^B^B^^V^V 

8. Divide 4238 by 7. • 

Suggestion. — We observe that 7 is contained in 43 
(hundreds) 6 (hundreds) times, with no remainder. -^ 
Now 7 is not contained in 8 (tens) any {tens) times ; so 
we write a in the tens place in the quotient to mark the vacant 
order, and unite the 3 tens with the 8 units, making 88 units. In 
this 7 is contained 5 times« with a remainder 8. 

Perform the following, explaining the process : 



9. 



10. 



11. 



13. 



5)25200 9)723866 — 4 8)6462 8)1768162 



5040 



80428 



Examples for l^ractice. 



1. 5462 ^- 2 ; by 5 ; by 7. 

2. 1256 -f- 8; by 4; by 9. 

3. 10702 4- 5 ; by 6 ; by 8. 

4. 78520-4-7; by 9; by 4. 
6. 663426-*- 2; by 3; by 6. 
6. 827001-*- 4; by 6; by 7. 



7. 10000 4-3; by4; by 6; by 8. 
8.^ 10000-*- 3; by 5; by 7; by 9. 
9. 20003 ■^ 6; by 8; byO; by 2 

10. 102504 ^ 8 ; by 7 ; by 8 ; by 9. 

11. 101010-^8; by 4; by 2; by 6. 

12. 202030 -«- 4; by 5; by 7; by 3. 

13. Divide 1547 by 4, dividing the lower orders first, all 

the time, and see how much advantage there is in the 

method we have learned; that is, in beginning with the 

highest order. 

Operation. 



4 )1547 
la Bern., 1103 
2d Rem,, 303 

SdMem., 23 

True Bern, f 8 



111 M Quot. 
200 2d Quot 
70 3d Quot. 
5 4th Qmt, 
386 Entire Quotient. 



Observe that the principles are the same as in the common method. 
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FOURTH STEP. 

Tivo Ways of DispoHng of the Remainder. 

1. Mr. Mason has 15 apples^ which he wishes to divide 
equally among 4 boys. How can he do it ? 

Anawer. — ^Fiist^ he can give each boy 3 apples, which will take 
12 apples ; and then he will have 3 apples left to be divided. He 
can now cut each of these three apples into 4 equal parts, called 
fourths, or quarters. Then he can give to each of the boys one> 
fourth of each of the 3 remaining apples, or 3-fourths of an apple. 
Thus each boy will have 3 apples and 3-fourths of an apple. 

2. When any thing is divided into two equal parts, what 
is one of the parts called ? When into 3 equal parts ? 
Four? Five? Six? 

^n«.,l-half; l-third; 1-fourth; l-fifth; l-sixth. 

3. What do you call 3 of the 7 equal parts into which 
an apple may be divided? 8 of the 11 equal parts? 11 
of the 20 equal parts ? 

76, One half is written J; l-third \\ 1-fourth J; 
1-seventh 4-; 1-eleventh ■^; 1-twenty-first ^, etc. 

Two -thirds are written |; 2-fburths |; S-fifths |; 
6-elevenths -j^, etc- 

76. Numbers which are written in this way, and which 
represent one or more of the equal parts into which a unit, 
or some number taken as a whole, is conceived to be 
divided, are called Fractions. We shall have much to 
learn about them by and by. 

4 Tell what each of the following expressions means : 

?; t; A; if; *; A; A; H- 

77. In such expressions the number below the line, 
which tells into how many equal parts the division is 
made, is called the Denominator. The number above 
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the line, which tells how many of the equal parts are repre- 
sented by the expression, is called the Numerator. 

78. Such an expression as 4r| is read "4 and |/' 12| is 
read "13 and f' 143^ is read « 143 and f^/' 13| means 
13 and f , etc. 

5. Divide 38 by 5. 

Bzplanation. 88 divided by 5 is 7| ; for 5 is contained ^ x gg 
in 38 7 times, with a remainder 3. Now to divide 8 into ~ft 

5 equal -p&rtB, we can consider each one of the 8 as divided 

into 5 parts, and then 1 taken from each. Thus we shall have |. 
Or, we may explain the dividing of 3 by 5 thus : 1 divided into 

6 eqoal parts, gives ( as one of the parts, or the quotient, and 8 
gives 3 times i, or {, 

6. What is 2 divided by 3 .? 6 divided by 7 ? 13 divi- 
ded by 17 ? Explain as above. 

79. In dividing when the division is not exact, we may 
write the divisor undeY the remainder, thus forming a 
fraction, and annex this to the integral quotient. 

Perform the following, disposing of the remainder as 
above, and giving the explanation : 



7. 39-^4= 9f. 

8. 62 -f- 6= ? 

9. 18 -5- 7 = ? 
10. 143 -f- 2 = 71i. 



11. 417^5. 

12. 3428 -V- 6. 

13. 5000-7-3. 

14. 20 -^ 6. 



15. 1000 -T- 7. 

16. 2015 -^ 4. 

17. 18276 -T- 9. 

18. 41287 -f- 8. 



We will now give another way of disposing of the re- 
mainder, which is much used. 

1. Divide 347 by 8. 

Bzplanation.— Having divided 347 by 8, we find a <jv q.^ 
romainder 8. Now if we divide each of these 3 into 



10 equal parts, or tenths, there wiU be 30 of them. 80 



1 
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tenths divided by 8 gites 3 tenths, and 6 tenths remaining. Again, 
dividing each of the 6 tenths into 10 equal parts, the parts will be 
hundredths, and there will be 60 of them. Dividing 60 hundredths 
by 8, we have 7 hundredths, and 4 hundredths remaining. 4 hun- 
dredths make 40 thousandths; and 40 thousandths divided by 8 
gives 5 thousandths. These tenths, hundredths, and thousandths 
we separate from the integral part of the quotient by a dot (.) called 
a Decimal Paint. 

In this process we multiply each remainder by 10, and as this is 
done by annexing a (60), we have the following rule : 

80. When the division is not exacts we can place a point 
after the integral part of the quotient, annex a to the 
remainder, and divide this result. To this remainder 
annex a 0, and divide again, till the work terminates, or 
till we have gone as far as we wish. Tlie orders thus 
obtained at the right of units are tenths, hundredths, thoU" 
sandthsj etc. 

81. It will be seen that these numbers are a kind ot 
Fractions. They are called Decimal Fractions, or sim- 
ply Decimals. We shall have more about them by and by. 

82. .3 is 3-tenths; .4 is 4rtenths; .05 is 6-hundredths; 
.006 is 6-thousandth8, etc. .37 is 37-hundredths, since it 
is 3-tenths and 7-hundredths, and 3-tenths make 30 hun- 
dredths. .375 is 375-thou8andths, because 3-tenths and 
7-hundredths make 37-hundredths, and 37-hundredths are 
370-thousandths, which, with the 5-thousandths, make 
375-thousandths. 

2. Eead the following and tell what they mean : .3 ; .05; 
.38; .072; .135; 4.2; 5.23; 42.26; 12.346. 

Perform the following, carrying out the division to 
three places of decimals, if it does not terminate before : 





DtVISION. 






3. 


26 ^ 8 = 3.25 


9. 


1342 -^ 4. 


4. 


132 ^ 8 = 16.5 


10. 


521 -^ 6. 


5. 


346 -r- 7 = 49.428 + * 


11. 


1376 ^ 9. 


6. 


3471 -V- 2 = ? 


12. 


8156 -5- 8. 


7. 


581 -J- 6 - ? 


13. 


417 -5- 2. 


8. 


5312 -T- 3 = ? 


14. 


1826 T- 3. 




FIFTH STEP 


• 
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To Find how many times a Large Divisor is eou" 
tuined in a Dividend less than 10 times itself • 

1. How many times are 2 tens contained in 6 tens; that 
is, 20 in 60 ? 

2. How many times are 3 hundreds contained in 12 
hundreds? What is 1200 -r- 300 ? 

3. How many times is 400 contained in 2400? In 
1200? In 3200? 

4. How many times is 40 contained in 80 ? that is, 4 
tens in 8 tens? 40 in 120? 60 in 180 ? 70 in 210? 

5. How many times is 23 contained in 74, and how 
many remain ? 

2 tens are contained in 7 tens how many times? 

3 times 23 are how many ? 
74 — 69.= how many ? 

6. How many times is 346 contained in*872, and how 
many remain ? 

How many hundreds in this divisor ? 
How many hundreds in this dividend ? 
How many times are 3 hundreds contained in 8 hun- 
dreds? 



* This + elgn meane that the dirision does not termiiutte here. 

5 
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How many are 2 times 346 ? Then is 346 contained in 
872 2 times? What remainder ? 

7. How many times is 257 contained in 1143 ? 

How many hundreds in the divisor ? How many in the 
dividend ? 11 -^ 2 = how many ? 

Is 257 contained in 1143 5 times? How many are 5 
times 257 ? How many are 4 times 257 ? 

83. To ascertain how many times one number is con- 
tained in a greater number represented by the same num- 
ber of figures, divide the highest order in the dividend by 
the highest order in the divisor. Then multiply the divi- 
sor by this quotient, and see if the product is greater than 
the dividend. If it is, try the next lower number, multi- 
plying the divisor by it; and so continue to try lower and 
lower numbers till one is found which, when multiplied 
into the divisor, does not give a product greater than the 
dividend. 

When the divisor is not contained in an equal number 
of figures from the left of the dividend, and the dividend 
has one more figure than the divisor, divide the first two 
left hand figures in the dividend by the first one in the 
divisor, and then test this quotient by multiplying tiie 
divisor by it, as in the former case.* 

8. How many times is 342 contained in 927 ? 

Suggestion, ^is contained in 9 3 times ; hence we try 3. 3 times 

842 are 1026. Thus we see that 3 is too large. Then we ^„ 

try 2. 2 tunes 342 are 684 So we learn that 342 is am- 684 

tained in 927 2 times ; and by multiplying 342 by 2, and 248 



* This is one of the greateet obstaclee the yonng learner enconnterB in division, 
and he should be made practically fhmiliar with this process before attempting 
Long Division. It may not be b«st to require him to memorixe this article ; bni 
kt miuH kntno tKipiroout, 



mvisxoN. 
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BubtUKting the product, 684, from 027, we find the remainder to 
be 243. 

We also see, from this remainder, that 342 will not go another 
time in 927, for the 243 is less than 342. 

9. How many times is 278 contained in 956, and with 
what remainder ? 



278) 056(4 
1112 



278)056(3 
834 

122 



You will naturally do this thus : 
Finding that 2 is contained in 9 4 times, you will 
try 4, by multiplying 278 by 4. But you find this 
makes 1112, which is greater than 056. Hence 
278 is not contained in 056 4 times. You would 
then erase the 4 and the 1112, and try 3. This 
would give you the work in the margin. 

10. How many times is 468 contained in 983, and what 
remainder ? 

11. How many times is 782 contained in 2436, and what 
remainder ? 

Can a final remainder be as great as the divisor? Why 
not? 

12. Find the quotients and remainders in the following* 

1141 -r- 248 

2248-4- 240 

5670 -T- 683 

12457 -7- 2846 

58582 -^ 9341 

6512 -r 814 

6624 -T- 736 

26999 -7- 3857 

10458 -V- 1743 

20006 -V- 2858 

7580 -^ 879, 



78 H 


r 33; 


56 -. 


r 16; 


91-^ 


- 37; 


178-1 


r 41; 


563 -^ 


r 87; 


782 H 


'r 93; 


341 H 


r 84; 


1206 H 


r 75; 


847 -^ 


f- 87; 


76^ H 


r-785; 


6387 -. 


r 692; 



375 -. 


r- 87; 


1248 H 


r 581; 


3853 - 


r 826; 


7048 H 


r 6341; 


1124 ~ 


- 357; 


8888 H 


r 999; 


7156 H 


h 734; 


1542 -. 


r 178; 


2159 -^ 


r 261; 


1471- 


r 493; 


562 H 


r 58; 
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SIXTH STEP. 

Long Division. 

1. Divide 73482 by 214. 

Eiq>lanation. — ^The principles used in this process are just the 

same as those in 8hort Division, the only difference being that the 

divisor is so large that it is not convenient .^^ /«.« ^ 

. « , ^,^, 1 .^ ..^ X 214 ) 73482 ( 843 Qtorf. 

to find out the several remainders without ^ q^ ^ ^ 

writing down the product of the divisor by "928 

each quotient figure as we obtain it, and 856 

performing the subtraction. Hence we "^22 

write the quotient at the right of the divi- -^ _, 

aend, that it may not be m our way. 

214 is contained in 734 3 times, with a remainder 92 ; hence it is 
contained in 734 hundreds, 3 hundreds times, with a remainder 92 
hundreds. {Principle L) 

Again, 92 hundreds and 8 tens make 928 tens. 214 is contained 
in 928 4 times, with a remainder 72 ; hence it is centred in 928 
tens 4 tens fames, with a remainder 72 tens. 

Finally, 72 tens and 2 units make 722 units ; and 214 is contained 
m 722 3 times, with a remainder 80. 

Thus we have found how many times 214 is contained in 73482, 
by finding how many times it is contained in the parts of 73482, 
and adding the quotients thus obtained. {Principle H.) This may 
be exhibited at one view, thus : 

r 642 hds. In this 214 is contained 3 hds., or 300 times. 

7<i4fi2 __ J 856 tens. In this 214 is contained 4 tens, or 40 times. 

"■ ' 642 units. In this 214 is contained 3 units, or 8 times. 

^ ^ units. In this 214 is contained no times. 

.-. In 73482 . 214 is contained . 843 times, 

with a remainder 80. 

To Divide by the Method called Long: Division. 

84. Rule. — /. Write the divisor at the left of the divi- 
dend, and the quotient as it is obtained at the right. 



//. Seek how many times the divisor is contained in the 
fewest of the left hand figures of the dividend which will 
contain ity and write the number of times as the highest 
order in the quotient 

III. Multiply the divisor by this quotient figure, and 
writing the product under the part of the dividend used, 
subtract it therefrom. Annex to this remainder the figure 
of the next lower order of the dividend. Divide the number 
80 formed by the divisor, loriting the number of times it is 
contained as the second figure in the quotient. 

IV. Multiply the divisor by this quotient figure, and 
subtract the product from the part of tJie dividend used. 
To this remainder annex the next figure of the dividend, 
and proceed as before. Continue to repeat the process till 
the dividend is exhausted, or until the remainder will not 
contain the divisor. 

V. If at any time a remainder, with the next figure of 
ihe dividend annexed, will not contain the divisor, write 
in the quotient, and bring down the next figure of the 
dividend. 

Reasons. — The reasons for this rale are the same as for the rule 
for Short Division. 

Questions. — 1. Why do we write the divisor on the left and the 
quotient on the right of the dividend ? * 3. Why do we begin to 
divide with the highest order or orders, and proceed through the 
lower orders in succession? 3. How do we find out how many 
times the divisor is contained each time? (73.) 4. On what 
principle do we determine what the order of any quotient figure 

♦ Were it castomary it would be better to write the diyisor on ttie right of the 
dividend and the quotient underneath the divisor ; or, writing the divisor at the 
left, write the quotient above the dividend, putting its first figure over the units 
figure arising from multiplying the divisor by this figure. See 2d and 8d forms 
of operation, Ex. 4, page 96, and (156, a). 



98 FUNDAMENTAL RULES, 

IB ? (71«) 5» On what principle are we able to take part of the 
dividend at a time? (72.) 6. Finally, how does it appear that this 
process determines how many times the divisor is contained in the 
dividend ? 



JSxamples for Practice. 

1. Divide 82756 by 234, and afterward put the work in 
form to exhibit the principles at one view, as on page 100. 

Rem,^ 154. 

2. Divide 7854 by 96, and explain as directed in th^ 
last. Rem,, 78. 

3» Divide 346827 by 271, and then multiply the quotient 
by the divisor, and to this product add the remainder. 
What ought tiie result to be ? 

85. Division may be proved (50) by multiplying divi- 
sor and quotient together, and to the product adding the 
remainder. The result should be the dividend. Why ? 

4. Divide 17856 by 39, and prove the process as above. 

Operation. Second Form. Third Form. Pfool 



89)17856(457 
156 


17856 
156 


39 
4S7 


457 
39 ) 17856 
156 


457 
39 


225 
195 


225 
195 




225 

195 


4113 
1371 


306 
273 


306 
273 




306 
273 


17823 
33 


38JSem. 


33. 


Bern, 


33 Rem. 


17856 



Query.— Why is it that if you add the remainder and several 
Buhtrahends just as they stand in the work, their sum will make 
the dividend? Try it. 

This then is another method of proof. 

Perform the following divisions, and prove the process 
in each ca^ : 
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5. 2592 -T- 63. 

6. 7776 -T- 108. 

7. 6750 -f- 15. 

8. 437639 -r- 42. 

9. 1893312 -T- 2076. 

10. 84764367 -h 431. 

11. 4683579 -r 234. 

12. 2686211248 -r- 296. 

13. 99424788962 -r- 978. 



14. 347628 4- !b4; 
15; 57432168 -r- 8762. 
16* 134007502 -34007. 

17. 88888888 ~ 9999. 

18. 100000001 ~ 785. 

19. 2000000 -^ 691. 

20. 4360000 -5- 436. 

21. 84200 -=- 421. 

22. 13230000 -^ 735. 



SEVENTH STEP. 

To Divide by 10, 100, 1000, etc* 

1. How many lO^s in 36, and how many units remain ? 
Then 36 -=- 10 = how many, with what remainder ? 

2. How many lO^s in 75, and how many units remain ? 
75 -7- 10 = how many, with what remainder ? 

3. If I had 2 of our hundreds packages of counters, 4 
of the tens, and 7 single counters, how many tens would I 
have in all ? How many tens are there in 2 hundreds ? 
Then 247 -4- 10 = 24 and 7 remainder. 

4. Divide 347 by 100 ; that is, find how many hundreds 
there are in 347. Of course all we have to do is to read 
the hundreds. There are 3 hundreds, and 47 remainder. 

5. Divide 2346 by 100. How many hundreds in 2 thou- 
sands and 3 hundreds ? 

6. Divide 34568 by 100. By 1000. 

To Dmde any Number by lO, xoo, looo, or x with any Num- 
ber of Zeros annexed. 

86. Rule.— Cw< off from the right of the dividend as^ 
many figures as there are O^s in the divisor. The remain- 
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ing figures at the left represent the quotient, and those cut 
off represent the remamder. 

The reason for this is that all at the left of any particular order, 
including that order, can be read as so much of that order (21). 

7. Divide 7856 by 1000; that is, tell how many thou^ 
sands there are in it, and how many over. In like man- 
ner, divide 17541 by 1000. 

8 to 15. Speak the quotients and remainders in the fol- 
lowing : 58 ^ 10 ; 736 ~- 10 ; 34568 - 10 ; 12057 -t- 1000 ; 
19027 -T- 100 ; 34567 -^ 1000 ; 30466 ~ 100 ; 750263 ~ 
100000. 



EIGHTH STEP. 

To I>ivide by a Composite Ntunher. 

87. In arithmetic a Composite Number is the pro- 
duct of two or more integral factors each greater than 1. 

Thus 6 is a composite number, for it is the product of 2 and 3. 
15 is a composite number, for it is the product of 3 and 5. 

1. Point out the composite uumhers in the following, 
and tell what their factors are: 21; 12; 24; 36; 7; 8; 
11; 13; 28; 23; 20; 30; 130; 300; 230; 1200. 

2. Can there be a number whose right hand figure is 0, 
which is not composite ? 

88. Numbers which are not composite are called Prime 
Numbers. 

3. Point out all the prime numbers between 1 and 100. 
Make a list of them on your slate. 

4. Of what 3 factors is 12 composed? 30? 66? 60? 

8? 27? 
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5. May the £actors of a composite number ever be aU 
alike ? What are the 3 equal fectors of 64 ?. The 5 equal 
factors of 32 ? 



1. If you take 42 counters and put them up in packages 
of 3 each, how many packages will there be ? 

If now you take these 14 packages of 3'8 and put them 
up into packages of 2 3's in each, how many such pack- 
ages can you make ? 

The last packages of 2 3's each contain how many 
counters ? Then how many 6's in 42 ? 

2. Find how many 15'8 there are in 5265 by first finding 
how many 3's there are, and then how many 5's containing 
3 each there are in this result. 

Suggestion.~DiTidiiig by 3, 3 ) 5265 
we find that there are lt55 6 ) 1765 Number of 3'b in 5265 
threes in 5265. Now, since 5 "351 Number of 6's contain 

threes make 15, there are u ing 3 each, or of 16'» 

many 15's in 5265, as there are in 5265. * 

5'sinl755,whichis351. Hence 
there are 351 15's in 5265. 

3. Divide 5796 by 21, by using the factors of 21. 

To Divide by a Composite Number by using its Factors. 

89. Rule. — Divide the given dividend ly one of the 
factors and the quotient thus arising by the other,* 

Reasons.^To divide a number by 5 shows how many 5's there 
are in it. Then as every 7 of these 5's make 35, if we find how 
many 7's there are in this first quotient, the result will show 

-- --- — ---■ ■ ___ -_ . — ■ — — ■ ^ 

* Of conree this process is capable of extension to cases of more than two 
foctors ; but we have no occasion to use such cascs^ and hence give only that q{ 
two factQr?, 
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iiow many 7's containing 5 eacb, or how many d5's there are in the 
jgiven number. 

This reasoning applies to dividing by any composite number. 

Perfonn each of the following by resolving the divisor 
into two factors, and using these factors as divisors. Give 
the explanation as above in each case : 

4. 1530 -T- 6; 6. 9576 -^ 28; 8. 4704 -^ 84; 

5. 8748 -T- 12; 7. 7740 -f- ,45 ; 9. 2670 ~ 30. 
90. If there are remainders, it is easy to tell how many 

of the original dividend remain, by noticing what the re- 
mainders are. The number of the original dividend which 
remains undivided is called the True Remainder. 

10. Divide 5276 by 15, using tlie factors of 15, and find 

the true remainder. 

Snggestion. — Dividing by 3, we find 2 of the 3 \ 5273 2 

5276 remaining. Now the 1758 are 8's of the 5 ) 1753 *^ 

5276, that is, every 1 of the 1758 corresponds to 351 
3 of the 5276. But when we divide the 1758 by 
5, we find 3 of it remaining. Hence, as each one of these 8 corre- 
sponds to 3 of the 5276, the 3 corresponds to 9 of that number. 
The remainder of the 5276 is, therefore, 9 + 2, or 11. 

11. Perform the following, using the factors of the divi- 
sors, and find the true remainders as above : 

578-21; 3412 -T- 15; 12047 -^ 28; 1879 -r 30, 



1. Divide 3528 by 300. 

Suggestion.--The divisor, 800, is composed 8|oo ) 35|28 
of the two factors 100 and 8. Now 8528 di- 11; Rem. 228. 

vided by 100 gives 35 and 28 remainder (86). 
Then dividing 85 by the other factor, 3, we have 11 and 2 remain- 
der But this 2 is hundreds, hence the entire remainder is S3 hun- 
areds and 28, or 228. 

?. As above, divide 5208 by 70, By 500, 
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To Perform Division when there are 0*8 at the Right in the 

Divisor. 

91. Rule. — Cut off the (f^frmn the divisar^ and a like 
number of figures from the right of the dividend. Divide 
the remaining figures in the left of the dividend by the sig- 
nificant * figures of the divisor. The remainder after this 
^division, prefixed to the figures of the dividend cut off, is 
the entire remainder. 

Reasons. — Cutting off the O's from the divisor may be considered 
as pointing out its factors, and cutting off the figures at the right in 
the dividend is dividing by 10, 100, 1000, or by 1 with as many O's 
annexed as there are figures cut off (86). Dividing by the signifi- 
cant figures, is dividing the first quotient by the other factor of 
the divisor, according to (89). The remainder from the last dlvi- 
sion being merely of the next higher orders than the first remain- 
der, needs simply to be prefixed according to tho principles of 
flotation. 

3 to 12. Perform the following according to this rule : 



(3.) 6285 -f- 70; 

(4.) 6786 -=- 200; 

(5.) 23478 -T- 700; 

(6.) 3005080 ^ 12000; 

(7.) 5200700 -T- 2300 ; f 



(8.) 58276432 -4-18600; 

(9.) 20075006 4-3610; 
(10.) 50707032 -4-26700; 
(11.) 600604000 4- 32000 j 
(12.) 8264 -4- 230, 



Operation. 
33|0)826|4(35 Quotient 



186 
115 



214 Entire remainder. 



* That is, the digits. See (7.) 

t DiTide QS0Q7 by 23 by l/)ng Division, See operatioQ below< 
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Applications. 

92. Since ^ of anything is one of the two equal parts 
into which it may be divided, we obtain ^^ of a number by 
dividing the number by 2. In like manner, ^ of a num- 
ber is found by dividing the number by 3 ; ^ by dividing 
^y 5 ; -J- by dividing by 6, etc. (75 — 79). 

1. If it require 3 yards of cloth t-o make a pair of pan-* 
taloons, how many pairs can be made from a piece con- 
taining 27 yards ? From 18 yards ? From 30 yards ? 

Solution. — ^As every 3 yards will make 1 pair« 27 yards will make 
as many pairs as there are 3's in 27. 27 -^ 3 = 9. Hence 27 yards 
will make 9 pairs, if 3 yards make one pair.* 

2. If 9 pairs of pantaloons of equal size are made from 2? 
yards of cloth, how many yards does it take for one pair? 

Solution. — If 27 yards make 9 pairs, one pair requires ^ of 27 
yards. J of a number is found by dividing it by 9. 27 -5- 9 = 3. 
Hence 1 pair requires 3 yards, if 9 pairs require 27 yards. 

[Notice the difference between this solution and the preceding.] 

3. If apples cost $3 per barrel, how many barrels can 

be bought for $12 ? For $15 ? For $30 ? For $327 ? 

For $18766 ? 

[When the numbers are small the computation should be without 
writing— mentally, as it is called.] 

4. If 21 barrels of apples are bought for $63, how much 
is that per barrel ? If 21 barrels cost $84, how much is it 
per barrel ? 

5. At $7 per yard, how much cloth can be bought for 
$84? For $357? 

. * Some such form qf solution should be insiBted on in the cIebs ; for let it be 
remembered that in the ^^Applicationa^^ the Important thing is to tell why toe 
divide^ multiply^ add^ or subtract. These exercises are not designed to teach 
4iviBioQ— that is, how to divide—hxki to teach the uses qf division, 
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6. If 6 bushels of potatoes cost 14.50 (450 cent^)^ what 
is the price per bushel ? 

7» A drover bought 7 horses for 11274, paying the same 
price for each. What did one horse cost him ? 

8. If 5 oranges cost 35 cents, what is that per orange ? 
If they cost 45 cents ? If 40 cents ? 

9. If 46 pounds of sugar cost $5.98, what is that per 
pound? 

10. What is the price of coal per ton when 6 tons cost 
$66? 

11. John's board bill for a term of 13 weeks was $78. 
What was that per week ? 

12. A laborer received $39.00 for a month's work of 26 
days. How much was that per day ? 

13. How many stoves, at $47 each, can bo bought for 
$893 ? 

14. If 19 stoves are bought for $893, what is the price 
of one stove ? 

15. Kone stove cost $47, what will 19 stoves cost? 

16. A man going to buy sheep took with him $1256. 
His expenses were $150. He bought 217 sheep at a uni- 
form price, and had $21 left. How much did one sheep 
cost ? Ans., $5. 

17. If a man on horseback ride 53 miles each day, how 
much will he lack of 1000 miles in 16 days ? 

Ans,, 152 miles. 

18. If a man pay $75 each for oxen, how many oxen 
cain he buy for $2000, and how much money will he have 
left? 

19. A young man attending college had $200 at the 
beginning of a term of 18 weeks. He spent $35 for books, 
and $23 for other purposes besides board, and had $34 left 
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at the end of the term. How much did his board cost 
hira per week ? 

Saggestion.— How much of the $200 did he not spend for board? 
How much did he spend for board? If he spent so much for 18 
weeks' board, how much was that for one week ? Ans., $6. 

20. If a man had an income of 13742 a year (62 weeks), 
and spent $1600 for his family expenses, gave to charitable 
purposes 1370, and saved the rest, how much did he save 
per week ? Ans., $36. 

21. A has 340 head of cattle worth $9860, and B has 
760 acres of land worth $32680. Required the value of 
A's cattle per head, and of B's land per acre ? 

Ans., $29, and $43. 

22. Having a tract of land containing 640 acres, I wish 
to divide it into fields containing 46 acres each. What 
number of fields will it make? Ans.^ 12 fields. 

23. A planter has 2280 dollars to lay out for mules and 
oxen, and wishes to purchase the same number of each. 
If he pay 66 dollars a head for mules, and 30 for oxen, 
how many of each can he buy ? 

Suggestion. — How much do 1 ox and 1 mule together cost? 
Then how many times can he buy 1 ox and 1 mule? Ans., 24. 

24. How many yards of cloth at 7 dollars a yard, 8 dol- 
lars a yard, and 9 dollars a yard — the quantity of each 
kind to be the same — can a merchant buy for 1800 dol- 
lars ? Ans., 75 yards of each kind. 

26. A cistern, the capacity of which is 10000 gaUons, is 
to be filled with water by 3 pipes discharging into it. Tfee 
first pipe discharges 200 gallons per hour, the second and 
third each 160 gallons per hour. In what time will the 
cistern be filled by the three pipes running together ? 

Ans., 20 hours. 
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26. A farmer wishes to fill three kinds of sacks, contain- 
ing 3 bushels, 4 bushels, and 5 bushels, and the same num- 
ber of each kind, with 1728 bushels of com. How many 
sacks can he fill ? Ans^y 144 of each kind. 



27. K 6 yards of calico can be bought for $1, how much 
will 12 yards cost ? 24 yards ? 48 yards ? 60 yards ? 

28. If 8 melons cost $1, how many dollars will 3744 
melons cost ? 

29. When 6 books are bought for $1, how many dollars 
must be paid for 1743 books ? 

30. If 7 days make 1 week, how many weeks in 21 
days? 42 days? 366 days? 

31. K there are 12 inches in 1 foot, how many feet in 
578 inches, and how many inches over? 

32. How many cents make $1 ? Then how many dol- 
lars in 5682 cents? In 586 cents? In 1280 cents ? How 
many cents over in each case ? How. do you divide by 
100? 

33. Shingles are put up in bunches of 500 each. How 
many bunches does it take to make 1000 ? How many 
bunches will it take to shingle a roof which requires 8000 
shingles ? 

34. If 3 pounds of coflFee cost $1, how much will 27 
pounds cost ? 

35. If 3 gallons of molasses cost (2, how much will 6 
gallons cost ? How many times $2 ? 

36. If 6 oranges can be had for 35 cents, how much will 
36 oranges cost ? How many times 35 cents ? 

37. If 7 lemons can be bought for 25 cents, how many 
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can be had for $1, which is 100 cents ? How many times 
as many can be had for 100 cents as for 25 cents ? 

38. If you can buy 6 slate pencils for 3 cents, how 
many can you get for 18 cents? How much will 36 
pencils cost ? 

39. If 2 horses can be bought for $350, how many can 
be bought for $8400, at the same rate ? 

Suggestion. — ^Observe that such problems can be solved in two 
ways. 1. How many times the price of 2 horses is $8400? Then 
how many times 2 horses can be bought ? 2. How much does 1 
horse cost? Then how many can be bought for $8400? 

Sometimes one method involves fractions, while the other does 
noL In such cases take the latter. 

40. If 7 sheep can be bought for $24.50, how much will 
a flock of 133 cost at the same rate ? 

41. If 4 bushels of apples can be bought for $3, how 
many can be bought for $51 at the same rate ? 

42. If 6 oranges can be bought for 42 cents, how many 
can be bought for'56 cents ? 



43. If you divide 7 apples equally between 2 boys, how 
many will each boy have ? If 9 apples among 4 boys ? 
13 apples among 3 boys ? 27 apples among 5 boys ? 

Answer to last, 5f apples. 

44. If a pound of sugar cost 8 cents, how much at that 
rate can be bought for 17 cents? For 25 cents ? 

45. At $7 a yard, how much cloth can be had for $45 ?* 
For $105? For $23? For $63? For $5829? 

46. If a man with a reaper can cut 8 acres of wheat in a 
day, how long will it take him to cut 25 acres ? 30 acres? 
270 acres? 375 acres? Answer to Imt, 46| days. 
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. 47. If a man with a reader can cut 7 acres of wheat in a 
day, in how many days can 3 men with reapers cut 260 
acres ? How much will they cut in one day ? Then how 
long will it take them to cut 250 acres ? 

48. There being 1760 yards in a mile, find bow many 
miles there are in 65129 yards. -4n«., 37-rATr niiles. 

49. How many days would 21 horses subsist on an 
amount of food which would suffice one horse 300 days ? 

Ans., 14|^ days. 

50. Allowing a steamboat to run 275 miles in a day> in 
what time would she make a trip of 5349 miles ? 

Ana.y 19|^ days. 

51. A flour merchant sold 108 barrels of flour for 19 a 
barrel, and gained on it 1216. What price then must he 
have paid for it by the barrel ? Ans,, $7. 

52. A farmer sold a grocer 10 bushels of corn at $1 a 
bushel ; 12 barrels of cider at 12 a barrel ; he received in 
payment 3 barrels of flour at $7 a barrel,, and the balance 
in cash. How much money did he receive? Ans,, 113. 

53. A country woman brought to market 5 dozen eggs, 
for which she got 28 cents a dozen, and 28 pounds of but- 
ter, for which she got 32 cents a pound. She bought 12 
yards of calico at 15 cents a yard, a shawl for $7, and took 
the rest in sugar at 9 cents a pound. How much sugar 
did she get? Ans,^ 17^ pounds. 

% = \, since if a thing is divided into 9 equal parts, 3 of those 
parts, make \ of it. 

54. What part of anything is f of it ? f ? 

If flour is $8 a barrel, how much can a man buy for 14 ? 
For 12 ? How many pounds for $4 ? (196 pounds make, 
a barrel.) How many pounds for 12 ? 
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65. If the divisor is 43, thei quotient 135, and the re- 
mainder 21, what is the dividend ? 

56. If the sum of two numbers is 782, and one of them 
is 243, what is the other ? 

57. If 428 is the subtrahend and 356 the remainder, 
what is the minuend? 

58. If the sum of 3 numbers is 726, and two of them 
are 116 and 325, what is ^ of the other ? 

59. \ of A's property is worth 12500, \ of B's 11200, and 
\ of C^s $875. How much is ^ of all their property ? 

60. If 5 bushels of wheat yield a barrel of flour, and a 
barrel of flour is 196 pounds, how many bushels of wheat 
will be required to make 3332 pounds of flour? 



To Resolve a Number into its Prime Factors. 

93. £ule. — Divide the number by the least number 
which will divide it exactly. Treat this quotient in the 
mme way, and continue the 2^rocess until there is no exact 
divisor of the quotient last obtained, other than itself and 1. 

The several divisors and the last quotient are the prime 
factors sought. 

1. Eesolve 60 into its prime factors. Operation. 



Therefore 2, 2, 3, and 5 are the prime fac- 
tors of 60, for they are aU prime numbers 



2)60 
2)80 



and2 X 2 X 3 X 6 = 60. ^l^ 

5 

1. Eesolve 108 into its prime factors. So also 56, 14, 
27, 135, 42, 75, 45, 128, 63, 59, 43, 48, 160. 

[The Teacher's Hand-Book contains 250 exercises for class drill 
in Division, a large number of which are for oral or mental work.] 



CHAPTER II. 

COMMON FRACTIONS. 




SECTION I. 

DEFIJVITICJVS AJ^D FUJ^DAMEJVTAL 
PRIJfCIPLES. 

What a Fraction is.* 

1. If an apple ia divided into 2 equal parts, what is one 
of the partB called ? 

• Xbta Bt«p ud the eacceBdlng one are but revleni. B«e page 94. AIbo at 

this point a sllj[ht change In etjiewillbe noticed. The pupil le eappoeed lo bive 
gained rtreDgth u well m knonindee. The enb-tieadB "Flr>l3ltp," "Seconil 
Sltp," etc., will b« omitted. TfiebabU oToinervInctbeee tbrone'* Mlfongbtto 
b« colHTated. 
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If into 3 equal parts, what is one called ? 

If into 4? 5? .6? 7? 12? 20? 23? 156? 

2. If you have 10 cherries and separate them into 2 
equal groups, what part of th6 cherries is one group ? 

If you have 12 cherries and separate them into 3 equal 
groups, what part of the whole is one group ? 

If you have 30 things and separate them into 6 equal 
groups, what part of the 30 is one of the groups ? If into 
10 equal groups, what part is one group ? K into 15 ? 

3. If you divide a melon into 11 equal parts, and give 
John 1 of them, what part of the melon has he ? If you 
give him 2 of the equal parts, what part has he ? If 3 ? 
If4? K5? If6? 

4. What is one-third of 12 ? Two-thirds ? 

5. What is one-fifth of 15 ? Two-fifths ? Three-fifths ? 
Four-fifths ? 

94. A Fraction is a number representing one oi 
more of the equal parts into which a unit, or some num- 
ber taken as a whole, is conceived to be divided. 

6. Why is two-thirds a fraction ? One-seventh ? Five- 
ninths ? Three - tenths ? One - twelfth ? Eleven - fifty- 
sixths ? 

95. The number which indicates into how many equal 
parts the number is to be divided is called the Denom- 
inator. 

Denominator means namer; and it will be seen that the number 
of equal parts into which a thing is divided determines the name 
of one of those parts : thus, if we divide a thing into 3 equal parts, 
the parts are called (denominated) thirds ; if into 4:,fourthB; if into 
13, thirteenths, etc. 

96. The number which indicates how many of the 
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equal parts are represented by the expression is called the 
Numerator. 

Numerator means nurnberert and hence the appropriateness of the 
name. If 2-thirds are taken, 2 tells the number of thirds, and hence 
is the numerator y or numberer ; if S-sevenths are taken, 5 is the 
numerator, or numberer, etc. 

97. The Terms of a fraction are the Numerator aod 
Denominator. 



How a Common Fraction is Written. 

98. A Common Fraction is written in figures by 
writing the numerator above the denominator with a line 
between them. 

1. What does -| signify ? Into how many equal parts is 
the division to be made? What are such parts called? 
How many of them are indicated ? 

2. Explain as above the meaning of |, \, ^, f , 3^, -f^^ 

3. Write in figures three-sevenths; four-ninths, one- 
thirteenth; 5-twelfths; 7-eighths; 11-seventeenths ; 123- 
three hundred and fifty-sixths ; two-tenths ; 203-thou- 
sandths; one-half. 

4. If John has f of a pie and James has the rest of it, 
how much has James? 

5. If Mary has f of an orange and Jane has the rest of 
it, what part has Jane ? How many fifths in the whole ? 
How many sevenths ? How many thirds ? How many 
elevenths ? 

6. Henry, James, and Philip divided some marbles; 
Henry took -^^ James V^, and Philip the rest, How 
many did Philip hs^ve ? 
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Kinds of Common Fractions. 

99. An Integer is a Whole Number in distinction 
from a Fraction, 

Whole numbers are also called Entire Numhera, 

100. A Mixed Number is an Integer and a Frac- 
tion written in connection, thus 4|, and signifies that the 
two are to be taken together. 

A mixed number is read by naming the whole number 
and then the fraction ; thus 4f is read " four and two- 
thirds ; " 136| is read " 136 and |," etc. 

101. A Proper Fraotion is a fraction whose 
ntuneitator is less than its denominator. 

102. An Improper Fraction is a fraction whose 
numerator is equal to or greater than its denominator. 

1. Point out the Integers, Proper Fractions, Improper 
Fractions, and Mixed Numbers in the following : ^y 4^, 
i, 224, i, I, if, H, 42i, 180. 

2. Write the following numbers and tell to which of the 
above kinds they belong, and why : five-sixths ; six-sixths ; 4 
and two-sevenths ; twenty-eight ; one twenty-eighth ; seven 
and one-third ; four-thirds ; 12-fifths. 

103. The Value of a fraction is the amount which it 
represents. Thus two fractions are said to, have the same 
value when they represent the same amount of anything. 

3. What is the difference in value of ^ and f ? Of | and 
1? Of I and I? 

4. What is the difference in 

value of f and \^ Have \ and i 1 1 » . .i . — • , 

f the same value ? Why ? , v . i _i . i 

5. Have f and f the sam^ 
value? Why not? 
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Fnndamtntal Principles. 

1. A melon is divided into 7 equal parts, and James 
takes % of them ; how much has he ? If John takes % 
times as many parts, how many has he ? 2 times f are 
how many sevenths ? 

2. What are the things represented by |? Are they 
halves, thirds, sevenths, or eighths ? How many are repre- 
sented ? How many would 2 times as many be ? 2 times 
fare how much? 

3. f are how many times \ ? How many times \ ? 

4. 2 times ^ are how many ? 3 times ^^ ? 

Principle I. 
104. Multiplying the numerator of a fraction, while 
the denominator remains the same, multiplies the value of 
the fraction. 

Demonstration.* — The reason for this is that as the numerator 
tells how many parts are represented, multiplying it multiplies the 
number of parts represented ; and as the denominator is not changed, 
the size of the parts remains the same. 

5. Multiply 4 by 2, and give the reason for the process. 

6. Multiply i by 4, and give the reasons. 

So also find 4 times -3^; 7 times 3*^; 128 times r^; 
2145 times i^jSV- What kind of fractions are these re- 
sults? Why? 

1. Into how many parts is 
this line divided by the marks 

Qu its upper side ? - Into what ' ' ' ' ' ' ' 
part of this number of parts is 
it divided by the marks on its 



* \M ^b^ tocher explain that a pemonstratioQ is a condense and forma) 
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lower side ? How does dividing the line into only half as 
many parts as at first affect the size of the parts ? 

2. Which is the more, f or f ? What is the number 
of parts in each case ? Which are the larger, sixths or 
thirds ? How much ? 

3. Which is the more, | or f ? Which are the larger, 
eighths or fourths ? How much ? 

4. If you divide the denominator of f by 2, and let the 
numerator remain the same, how do you affect the value 
of the fraction ? f are how niany times f ? Why ? 

Principle II. 
105. Dividing the denominator of a fraction^ zvhile the 
numerator remains the same, multiplies the value of the 
fraction. 

Demonstration. — ^^Tlie reason for this is that it multiplies the size 
of the parts represented, while the number represented remains the 
same. 

5. Show that f is 2 times ^. 

6. Show that | is 2 times ^. 



7. Into how many equal parts 
is this line divided? What is 

one of these parts called ? What 1234567 

X I ! 1 1 !__; 1 1 , 

are 4 of them called? How much 
of the line is one-half of 4^ of it ? 
How much is 1^ of f of this line ? 

8. How many parts are represented by ^ ? What are the 
parts ? How many parts are J of 8 parts ? What is ^ -f- 4 ? 

Whatis^-T-2? f~3? 



preeentation of the reasons for a statement. It is the arE^ment which proyes thQ 
statement tru«. 
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Principle III. 

106. Dividing the numerator of a fraction^ while the 
denominator remains the same^ divides the value of the 
fraction. 

Demonstration. — Tlie reason for this is that it divides the 
number of parts represented, while the size of the parts remains 
the same. * 

9. Divide \-\ by 2. By 5. Give the reasons. 

10. Why is ^ i-of 4 ? What part of Jf is 4 ? 

11. Diyide f by 3. By 2. By 6. 



1. Into how many parts is 
this line divided by the marks 

on its upper side ? If we divide ' ' ' ' ' ' ' 

the line into 2 times as many 
parts, how does it affect their 
size? Thirds are how many times as large as sixths ? 

Halves are how many times as large as fourths ? How 
do fifths compare with fifteenths ? 

2. What will | become if you multiply its denominator 
by 2 ? Does it become more or less ? Why ? What part 
offis*? 

3. What will f become if you multiply its denominator 
by 3 ? Does it become more or less? What part of f is 
ft? Why? 

4. What effect does it have on a fraction to multiply 
its denominator by 2 ? By 3 ? By 5? 

Principle IV. 
107. Multiplying tlie denominator of a fraction^ while 
the numerator remains the same^ divides the value of the 
fraction* 
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Demonstration. — The reason for this is that multiplying the 
denominator divides the me of the parts, while the number remains 
the same. 

5* Divide f by 2. By 3. By 4. Give the reasons. 
6. Divide \ by 4. By 6. .By 12. 



1. What effect will it have upon 3 to multiply it by 4, 
and then divide the result by 4 ? What effect will it have 
on 7 to multiply it by 5, and then divide tlie result by 5 ? 

2. What is f multiplied by 5? What is ^ divided 
by 5 according to (lOT) ? Which is the more, f or H? 
Why? 

3. How do the divisions of 

this line show that f = f ? i ■ i ■ , ■ , 

4. Show tha' i = f Also 
that i = iV- 

Suggestion. — ^How many times as large as twelfths are fourths ? 
Then how many times as many twelfths as fourths must we take to 
make the same part of a thing ? 

5. What effect does it have on the value of a fraction 
to multiply both numerator and denominator by the same 
number? Why? Why does | = if? 

6. What effect does it have on the value of a fraction 
to divide both numerator and denominator by the same 
number? Why? WhyiS|^ = i? 

Principle V. 

108. The value of a fraction is not altered by multiply^ 
ing both terms of the fraction by the same number, or by 
dividing both terms by the same number. 

Demonstration. — ^Multiplying both terms of a fraction by the 
same number does not alter the value of the fraction; because 
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ft 

multiplying the numerator muUiplies the number of parts, while 
multiplying the denominator divides the tize of the parts. Thus, 
if we multiply the terms by 3, the new fraction represents 3 times 
as many parts, but the parts are only one-third as large. 

If we divide both terms, we divide the number of parts and mul- 
tiply the «2«, and hence do not change the value of the fraction. 
Thus, if we divide both terms by 5, the new fraction represents 
only one-fifth as many parts, but they are 5 times as large. 

7. Why is f = A? Whyisit = i? Whyis| = H? 
Why is if = J? 

[See TEACHa»*s HAKD-Boot for exercises for class drill on all 
subjects iu Fractions* It contains over 600 such exerciser] 
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REDVCTIOJ^ OF FRACTIOJS'S. 

109. Reduction is changing the form of an expression 
without altering its value. Thus changing f into i is a 
reduction. 

To Lower or Lowest Terms. 

110. A fraction is said to be in its lowest terms when 
there is no number greater than 1 which will exactly 
divide both terms of it. 

111. A Common Divisor of two or more numbers 
is a common integral factor; that is, a whole number which 
exactly divides each of the numbers. 

Thus 3 is a common divisor of 12 and 18. 5 is a common divisor 
of 10, 16, and 20. Why? 

Note. — ^Althouj^h in the higher mathematics it is not well to try 
to avoid calling 1 and the number itself factors or divisors, for the 
purposes of Elementary Arithmetic some prefer to exclude them. 
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112. The Greatest Conunon Divisor of twooj" 
mo;'e numbers is the greatest whole number which will 
exactly divide each of them, and is the pro4uct of all 
their common prime factors. 

Thus 8 is the greatest common divisor of 16, 24, and 32. Why ? 
Again, any factor of a number, or the product of any number of its 
factors, is a divisor of it. Thus, as 60 = 2 x 2 x 3 x 5, 2 is contained 
in 60 2 X 3 X 5, and 2x2x3 is contained 5 times, etc. Now, as no 
number which is not a factor of a number can divide it, the Greatest 
Common Divisor of two or more numbers is the product 6f all their 
common prime factors. 

1. What is a common divisor of 6 and 4? Of 10 and 
15 ? Of 8 and 12 ? 27 and 42 ? 128 and 364 ? 

2. How many common divisors of 8 and 12 can you 
name ? What is the greatest common divisor of 8 and 12 ? 

3. What is the greatest common divisor of 16 and 40? 
Of 42 and 63 ? 45 and 360 ? 72 and 90 ? 

4. What common divisor have the terms of the fraction 
I? If you divide both terms of this fraction by 2, what 
does it become ? Does this change its value ? Why not ? 

5. Is f in its lowest terms ? Why ? 

6. Is ^ in its lowest terms ? Why not ? 
What is ^ when put in its lowest terms ? 
Why is I equal to ^ ? 

To Reduce a Fraction to its Lowest Terms. 

113. Rule. — Reject all common factors greater than 1 
from both terms j or divide both terms by their greatest 
common divisor. 

Demonstration. — To reject a factor is the same as to divide by 
that factor. Hence rejecting the common factors does not change 
the value of the fraction by Principle V. And when all the com- 
mon factors are rejected, the fraction is in its lowest terms by (110). 

Eeduce the following to their lowest terms mentally, 
giving the reason in each case : 
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7. A. 10. iV. 13. M. 16- 4i- 

8. A. 11. H. 14. -Sf. 17. ii. 

9. T^. 12. i|. 15. H. 18. if. 

19. Reduce |^ to its lowest terms.* 

Suggestion. — As it is not easy to see what is the greatest common 
diyisor of the terms of this fraction, we proceed thus ; 

"m = '>m = "H = J- 

TMs process consists in dividing the terms successively by any 
number which will diride them both. These operations do not 
change the value of the fraction by (109), and when there is no 
number which will exactly divide the terms, the fraction is in its 
lowest terms by (110). 

Show the truth of the following : 



20. ^=h 

21. *H = i 

23. m = A. 



24:. iftftr — ii- 

25. il* = A- 

27. A=f 



30. m-t = A. 

31. m=^- 

Bedace the following to their lowest terms : 



28. m = \- 

29. -ift/W - A- 



32. m- 

33. iH- 



35. m- 



36. ili. 

37. m- 



38. im. 

39. Hf. 



Improper Fractions to Whole or Mixed Numbers. 

1. How many thirds in the whole of a thing ? Then 
how many whole things are 6-thirds equal to? How 
many whole ones are 12-thirds equal to ? 

2. How many fourths make a unit ? Then how many 
units in 8 fourths ? InJ^I^? Ini^? 

3. How many units in 12 fifths, and how many fifths 



* The best practical way for the young learner to proceed in such cases is to 
b«gin with small nombcrs as divisors and keep trying. 
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remain ? -^^ are how many units and how many fifths ? 
How do you -write four and three-fifths in figures? 

4. Show that ^ are 9J. 

To Reduce an Improper Fraction to a Whole or Mixed 

Number. 

114. Rule* — Divide the numerator ly the denomi" 
naior. 

Demonstration. — Ab the denominator shows into how many 
equal parts a unit is conteived to be divided, it shows how many 
such parts make a unit. Hence dividing the number of parts 
represented by the fraction — i. e., the numerator— by the number 
of parts which it takes to make a unit — i. e., by the denominator — 
we find how many units are represented by the fraction, and how 
many parts, if any, remain. 

5. Reduce -^ to a whole or mixed number. 

Sobition.* — Since 13 thirteenths make one unit, 135 thirteenths 
make as many units as 13 is contained times in 125. 125 -^ 13 = 9 
and 8 remainder. Hence ^f^ = 9^, 

6. Reduce the following without writing, giving the 
solution as above: |; f ; |; ^; J^; ^; ^; ^/; ^; ^. 

Reduce the following to whole or mixed numbers, 
giving the explanation as above : 



7. W = 15^- 

9- W = 54*- 

10. i^ = 27i. 

11. ^^ = 12i. 



12. 
13. 
14. 
15. 



Kin 
TT"' 



16, ii^. 



17. ^^. 

18. ^-fm- 

19. W- 

20. ^. 

21. ^m- 



* Teacher explain that a Solution is a formal statement of how an example is 
pertprmeA, and the reasons tor each step. They are the explanatkms. These Boln- 
Mens aro tnch as the pupil should be taoght to give. 
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Whole or Mixed Numbers to Improper Fractions. 

1 . When divided into thirds, how many thirds does 1 
make ? Then how many do 2 make ? 3 ? 4 ? 5 ? 

2. How many fourths does 1 make ? Then how many 
do 6 make? 7? 12? 13? 5? 

3. How many fifths in 7 ? Why ? 

4. How many fifths in 7| ? How many in 7 ? Then 
35 fifths and 3 fifths make how many fifths ? 

6. How many thirds in 5f ? Why ? 

To Reduce a Whole or Mixed Number to an Improper 

Fraction.- 

11 5, Bule. — Multiply the whole number by the denom- 
inator of the proposed fraction, and to this product add the 
numerator of the given fraction, if any, and twite the result 
over the proposed denominator. 

Let the pupil write oat a demonstration. 

6. Eeduce 7^ to elevenths. 

Solution. — ^As there are 11 elevenths in 1, in 7 there are 7 ftimes 
11 elevenths, or 77 elevenths. Now 77 elevenths and 2 elevenths 
make 79 elevenths. Hence 7^ = H- 

7. Eeduce 8| to fifths ? 

8. Eeduce the following mixed numbers to fractions 
having the same denominators as the fractional parts, 
without writing. Give the solution in each case : 

5|; ^', Hi ^; 7i; 5^; 12f; llj. 

9. How many thirteenths in 5 ? In 8 ? In 11 ? In 43 ? 
In 27? In 128? Tell why in each case. 

Anstvers to three, 104, 143, 351. 
-10. Eeduce 7 to thirds; 3 to fifths; 6 to halves; 13 to 
sevenths ; 21 to nineteenths ; 123 to 374ths ; 151 to 765ths. 
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Reduce the following to improper fractions : 



11. 23f. 


17. 


124i. 


23. 1^. 


12. 5|. 


18. 


342f 


24. 2^. 


13. 16|. 


19. 


200f 


25. 3H- 


14 17tV- 


20. 


1256f 


26. 5VS- 


15. 57^. 


21. 


48^. 


27. 7-r^. 


16. 81f 


22. 


^m- 


28. ISTfiTT- 



Common Multiples. 

1. Does 6 contain 3 as a factor?* 12? 8? 10? 21? 

2. Does 12 contain 4 aa a factor? Does 28? 20? 
21? 10? 32? 40? 37? 

116. A Multiple of a number is a number which 
contains that .number as a factor.* Hence a Composite 
yumber is a multiple of each of its &ctors. 

117. A Common Multiple of two or more num- 
bers is a multiple of each of them. 

118. The Least Common Multiple of two or 
more numbers is the least number which is a multiple of 
each of them. 

3. Is 12 a common multiple of 3 and 4 ? Why ? Is 12 a 
common multiple of 6 and 5 ? Is it a multiple of either ? 

4. Is 36 a common multiple of 4 and 6 ? Is 24 a com- 
mon multiple of 4 and 6 ?. Is 12 ? Is there any number 
less than 12 which is a common multiple of 4 and 6 ? 

6. Mention some number which is a multiple of 3 and 
7. Of2, 3, and5. 
6. Mention some number which is a multiple of 5, 7, 3, 



* In speaking of multiples the number itself and 1 are considered as ihctors, 
And Miy ttnmlMr ii its own l«Mt multiple ; but Itectloas are esctadad. 
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and 8. If you multiply these all together, will their pro- 
duct contain each as a factor? Will it be a common 
multiple of them all ? 

119. The Product of two or more numbers is a 
Common Multiple of them all, since it contains each of 
them as a factor. 

7. Does 8 contain the factors of 6 ? Which of the fac- 
tors of 6 does it not contain ? 

8. In division we learned that we could divide by any 
number by dividing by its factors (89). If then 24 is a 
multiple of 6, must it be exactly divisible by the factors of 
6? Is it? Is 24 then a multiple of 6? Why? Am.y 
Because it contains the factors of 6. 

9. Can a number be a multiple of another if it does not 
contain all the factors which make up the latter? Why 
not ? Because, according to (89) in division, if a number 
is exactly divisible by another, it is exactly divisible by its 
factors. 

10. Does 30 contain the factors of 12 ? The factors of 
12 are two 2's and 3. Does 30 contain 2 2's as factors ? 
Is 30 a multiple of 12 ? Why not ? What factor does it 
lack ? If we put in this lacking factor and make 60, is 60 
a multiple of 12 ? Why? 

11. Is 60 a common multiple of 6 and 4? Does it con- 
tain any factor which is not a factor of 6 and 4 ? Is this 
factor of any use in it as a multiple of 6 and 4 ? Is 60 
the least common multiple of 6 and 4 ? Why not ? 

Answer. Because it contains a fiactor 6, which is un- 
necessary in it as a multiple of 6 and 4. 

12. Why is not 12 a multiple of 8 ? 

Anstaer. Because 8 has three fiictors 2, and 12 has onlj 
2 such factors. 
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13. Why is not 30 a common multiple of 9 and 15 ? 
Poes it contain the factors of 15? Does it contain the 
factors of 9 ? It has one factor 3 ; why does it not con- 
tain 9? 

If we introduce another factor 3 and have 3 times 30, or 
90, have we then a common multiple of 9 and 15 ? Has 
90 any factor which neither 9 nor 15 has? What one? 
Has it more than one such factor ? 

What is the least common multiple of 9 and 15 ? Why ? 

Answer. 45 is the least common multiple of 9 and 15, 
for it contains the fiactors which compose each of the 
numbers and no other factors. 

14. Can a multiple of a number be less than the number 
itself? Why? 

Can a common multiple of several numbers be less than 
the largest of the numbers ? Why? 



To Find the Least Common Multiple of Two or More 

Numbers. 

120. Kule. — /. Resolve each of the numbers into its 
prime factors (93). 

//. Multiply the largest number by all the prime factors 
found in the next synaller number and not in it. 

III. Treat this product and the next smaller number in 
the sams way, and continue the process till all the numbers 
are used. 

Demonstration. — We take the largest number, because the least 
common multiple must contain it. Then we multiply this by all 
the prime factors contained in the next smaller but not in the 
largest, because if there is a component factor of this number lack- 
ing in the product, it will not contain this number ; and so on of all 
^le numbers. 
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The product thus obtained is the least common multiple, because 
no factor can be left out of it without preventing its containing 
some one of the numbers. 

15. Find the least common multiple of 27, 42, and 36. 

Solution. 

42 = 2x3x7. 86 = 2x2x3x3. 27 = 3x3x3. 

.'.43x2x3x3 = 756, the least common multiple. 

For as the number must contain 42 as a factor, we write it as one 
of the factors of the multiple sought. Then as 36 contains two fac- 
tors 2, and two factors 3, and 42 has but one each of these, we write 
these factors as factors of the multiple, and have 42 x 2 x 3. Now 
this product has but two factors 3 in it, whereas 27 has 3 such fac- 
tors. Hence we write another factor 3, and have 42 x 2 x 3 x 3 
= 756 as the least common multiple. It is the least common mul- 
tiple, because no factor can be omitted from it without preventing 
its containing some one of the numbers. 

If we strike out one factor 2 from 42 x 2 x 3 x 3, which number 
will the product not contain ? If we strike out one factor 3, which 
number will the product not contain ? If the 7 (in the 42) ? 

16. Find the least common multiple of 3, 8, 9, 12, 
and 16. Least common multiple, 144. 

17. Find the least common multiple of 45, 63, and 81. 

Least common multiple, 2835. 

18. Find the least common multiple of 8, 36, 9, and 17. 

Least common multiple, 1224. 

19. Find the common multiple of 15, 20, 32, and 75. 

20. Find the least common multiple of 4, 6, 8, and 10. 

21. Find the least common multiple of 9, 3, 12, and 15. 

22. Find the least common multiple of 21, 7, 4, and 9. 

23. Find the least common multiple of 6, 4, 12, and 20. 

24. Find the least common multiple of 8, 7, 10, and 14. 

25. Find the least common multiple of 15, 2, 7, and 13. 

26. Find the least common multiple of 24, 5, 6, and 10. 
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27. Find the least common multiple of 5, 10, 13, and 24. 

28. Find the least common multiple of 6, 7, 2, and 17. 

29. Find the least common multiple of 11, 4, 5, and 19. 

30. Find the least number which 1, 2, 3, 4, 6, 6, 7, 8, 
and 9 will exactly divide. 



Common Denominators. 

1. How many sixths in f ? 

How many sixths in |^ ? ' i ■ 2 ' s ' 4 • a * «' ' 

2. How does it appear from 
(108) that I = i ? 

How that i = I ? ' 1 ' 2 ' 8 ' 4 ' ft ' 6 ^ 

3. Have f and ^ a common 
denominator ? 

Have f and f a common denominator ? What is it ? 

4. Show that i = tV; I = A; * = H- 
Have ^, J, aad | a common denominator? 

Have tV? A? ^"^ M ^ common denominator? What 
is it? 

' 5. Can you multiply the denominator of f by any whole 
number that will make it 10 ? By any one that will make 
it 24 ? 

If you multiply the denominator by 8, what must you 
do to. the numerator so as not to alter the value of the 
fraction ? f = how many twenty-fourths ? 

Can you reduce f to twenty-fourths ? By what will you 
have to multiply both terms of the fraction ? f =» how 
many 24ths ? 

I = how many 24ths ? 3^ = how many 24ths ? 

Fractions are said to have a Common Denominator when 
their denominators are alike. 
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To Reduce Fractions to Equivalent. Ones having a Common 

Denominator. 

121. Rule. — Multiply both terms of each fraction it/ 
the denominators of all the other fractions. 

Demonstration. — This gives a common denominator, because 
eacli denominator is the product of all the denominators of the 
several fractions. The value of any one of the fractions is not 
changed, because both numerator and denominator are multiplied 
by the same number (108). 

6. Eeduce 4> |> and | to equivalent fractions having a 
common denominator. 

Solution. — ^Multiplying both terms of f by 3 and 5 we have 

6 X 3 X 5 _ IB 
T X s X 6 — T06* 

In like manner, I x ? x | = ^y. 



So also * X ? X 



3 — ^A 

3 — IOC* 



The denominators are all alike, because each is the product of 7; 
8, and 5. -^ = f , because it arises from multiplying both terms 
of f by 15, which does not change the val'ie of the fraction accord- 
ing to (108). 

[In like manner, show that ^g = f , and j*^ = |.] 

Eeduce the following to equivalent sets of fractions 
having common denominators, and give the explanation as 
above : 



7. A, h 


f 






12. 


^y 


^. *• 




8' iy ♦> A' 






13. 


h 


h h 


f 


«• i, h f 






14. 


H, 


n- 




10. h h ^- 






15. 


m> 


!%• 




ll- ifgy ^S' \- 






16. 


lin 


1 ilf 




jrform the following m 


ents 


illy: 








17. i, f 




19. 


i 


i- 




21-1, 


1- 


18. 1, f 




20. 


^> 


i 




32. \ 


f 
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To Reduce Fractions to Equivalent Fractions haying the 

Least Common Denominator. 

122. Rule. — Find the Least Common Multiph of all 
the denominators for the Least Common Denominator, 
Then multiply both terms of each fraction iy the quotient 
of the Least Common Multiple divided by the denominator 
of that fraction. 

Damonstration. — The purpose for which we get the least com- 
mon multiple is that we may know what the Uast number is which 
can be produced by multiplying each denominator by some number. 
Then we divide this least common multiple by each of the denomi- 
nators in turn to find by what both terms of each particular fraction 
must be multiplied in order to reduce the fraction to one having 
this least common multiple for its denominator. That the values 
of the fractions are not changed is evident from (108). 

N. B. — Tliis rule presumes aU the fractions to be in their loioest 
terms, 

1. Eeduce }, |, and ^ to equivalent fractions having the 
least common denorainator. 

Solution. — The least common multiple of 6, 8, and 12 is 24 (118). 
Now to make the denominator of f 24, we must multiply it by 4. 
But to preserve the value of the fraction we must multiply the 
numerator also by 4. Hence we have A J^ J = X£.. 

In like manner, 4 x 1 = ^* 

^^^ tV X I = M- 

[The pupa tell why f = If , t = A, and A = if] 

Eeduce the following fractions to equivalent sets of 
fractions having the least common denominators, per- 
forming all that you can mentally : 



2. i f 

^* if "sj Ti Ta* 
"• A"» TTsTJ iV* 



7. I, A. 

"• Tir» tJtt* 

10- i> h h A- 

11. h A. 



1^» h h i' 

It'* "ft"' iof To"' 

•i^' "So"' tV? iJnr* 

16. h i' tV- 
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SECTION m. 

ADDITIOJf AJ^B SUBTEACTIOJf OF 

FBACTIOJiS. 

1. K John has f of a melon and James has f , how many 
eighths have both ? | + f = how many ? 

How much more has John than James ? | — | = how 
3nany? 

2. K John has I of a melon and James has |, how much 
have both together ? The | are how many 6ths ? 

How much more has James than John ? 

To Add or Subtract Fractions. 

123. Rule. — Reduce the fractions to equivalent ones 
laving a common denominator {if they have not stcch a 
denominator at first), and then add or subtract the nume- 
rators as any other nunibers, writing the result over the 
common denominator, 

DemonstratioD. — Heduciug the fractions to forms having a com- 
mon denominator does not change the values of the fractions, and 
hence does not change their sum or difference. When they have 
like denominators, their numerators represent parts of the same 
kind, and hence can be added or subtracted.* 

3. What is the sum of |, |-, and ^ ? 

Solution. — Reducing these fractions to forms hgiving a common 
denominator, we have | = tV* f = !$• Hence if we find the sum of 
^f{i, and y^» it will be the sum of f, |, and ^, since the former 
are, equivalent to the latter. 

* It may be necessary for the teacher to illustrate the fiict that only numbers 
representing like things can be added or subtracted. 
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Now A + H + A = fi» ^®' *^®y represent 8, 10, and 7 things all 
of the same kind, viz., 12ths. Finally the improper fraction f| = 
2^ by (U4). 

Perfonn the following additions, reducing the results to 
mixed or whole numbers when improper fractions arise, 
and to their lowest terms when they are proper fractions : 



Sum, l^^y. 



Bam, *^ 



». f +f + A+i- Sum,%^. 

10. f + i + -ijs+^E' Sum, IfH. 

11. } +J^+ l+V^. 8um,^. 

12. f +V+ V+V+f. i8«m,83. 



^ t + f+xV 

7. i + l + f +i iSiiw, 2}. 

14. Subtract | from -J-J. 

Suggestion. f = A. Hence iJ- f = H-A = A- 
Perform the following subtractions. Most of them should 
be done without writing : 

15. f — i. Bern., \. 

16. J — i. Bem.y f . 

17. i - |. -Bern., yV 

18. tt - 4- -R^^.i If • 
Perform the following mentally : 



19. JgL - {. 

20. Jj^-i 

21. tV - f 

22. H - A. 



23. J^ - i =3. 

24: Jj^ - jyL = 0. 

25. ^ - i = 55. 

26. H^ - AV= WW. 



27. i + f. 

28. f-i. 

29. i + }. 
80.1-4. 



31. i + i + i. 

32. H - «. 

33. « - {. 

84. i + i + f . 



35. i + f 

36. i - f 

37. V-- f 

38. V + H- 



39. Add 4 1 and 5|. 

Suggestion.— Adding the fractions, we havef +f=|= 
\\, Writing the ^ as a fraction and adding the integer 
1 to the integers 4 and 5, we have lOJ. 

40. Add 5i, llf, and 24f 
What is the sum of J, f, and J? 



s 
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41. Add 214J, 617iV and 145^^. Sum, 876f|. 

42. Add 3f , 17f, and 28^. Sum, 49f 

43. Add 3|, 17f, and 4^. /Swm, 25iJ, 

44. Add 126, 13|, 40|, and 7^ Sum, 188. 

To Add Mixed Numbers or Whole Numbers and Fractions. 

124. Side. — Add the fractions first, reducing the re- 
sult, if mi improper fraction, to a mixed number, and 
writing the fraction thus arising, prefix to it the sum of 
the integers and the integer {if any) arising from adding 
the fractions. 

Mixed nambers may be reduced to improper fractions and then 
added ; but this is not a desirable method. 

45. Add 4|, 5^, and ^ by both the above methods, and 
see which is better. 

46. Add i, ^, 10^, 3^, and 8, 



47. From 256| take 11 7^. 

Suggestion. — Since J = f,wehave256f— 117f. ffrom 256I 
f leaves i or J ; and 117 from 256 leaves 139. Hence ll?) 



258| - 117| = 189i. 1391 

48. From 34i take 16f 

49. From 83{it take 27f. * 

60. From 157f take 68f 

Suggestion. — As ^i is leiss than f f , we take 
1 z= tf from the 7, which with the t| makes ^^Jf = "^H^^ 
If. Then taking |f from |f , and 68 from 156, 
there remains 88||. 

61. From ^ take 3f . Mem., 3|t 
52. From 13 take 9f . 



68| = 



88li 
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Suggestioiu — As there is no f ractioxi in the minuend, we 
take one of the 8 units from which to subtract the } in the ^^g 
subtrahend. | from 1 ({) leaves J, and 9 from 13 leaves 3. -=? 
Hence the remainder is 3^. 

^, From 285 take 156^^:. Rem,, 138^. 

54. From 11 take |. From 11 take 3f. 

55. From ^ take 4. Rm.y ^. 

56. From 8I4 take 43. Rmi.y ^^. 

To Perform Subtraction when both Whole Numbers and 

Fractions are involved. 

125. Rule. — First take thefracUmi in the mitrahend 
from that in the minuend^ or if the latter fraction ie the 
Bmaller^ from it increased iy 1; and then subtract the re- 
maining integersyprefixing the latter remainder to the former, 

57. From 75^^ take %^, 60. From 8 take f^. 

58. From If take f 61. From 31^ take 28|. 

59. From 2 take ^, 62. From 1285^1 take 999f^. 



SECTION IV. 

MULTIPLICATIOJf OF FRACTIOJ^S. 

To Multiply a Fraction by an Integer. 

126. "Rvle,— Multiply the numerator, or divide th$ 
• denominator by the integer. 

This is the same as Principles I. and II. (104, 105). If neces- 
sary review those, and solve the following, giving the explanations 
as in those articles : * 
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1. f X 3 = 

2. I X 2 = 

3. Hx *? = 

4. ^ X 12 = 



what? 
what? 
what? 
what? 



5. Jli X 264. 

6. tVit X 81. 



7. +|i X 91. 

8. iWir X 500. 



9. iV X*- 

10. ^ x25. 

11. ^ X 12. 

12. ifi^ X 286. 



13. Multiply ^ by 40, using the factors of 40, 8 and 6. 

Suggestion, A ^ 8 = t J *^<i i ^ 5 = ^ = 7J. Hence A ^ 40 
= 7J. What principles are used ? What in Multiplication ? 
What two in fractions ? 

Solve as above and explain the following : 



14. A X 24. 

15. ^ X 27. 

16. ^V X 50. 



17. H X 15. 

18. f X 6. 

19. ^ X 21. 



20. m X 147. 

21. V^r X 60. 

22. t^ X ,3^. 



[Let the pupils irn^e a rule for this case, that is, when the multi- 
plier contains a factor which is also a factor of the denominator of 
the multiplicand.] 



23. Multiply 12^ by 9. 

Suggestion. 9 times f are ^, which is 3 and f 9 ^^ 
times 12 are 108, to which adding the 3 we find that 9 9 

tunes \^ are lllf iTlf 

Solve as above the following^ perfonning such as you 
can mentally: 



24. 23|. X 11. 

25. 137tt X 12. 

26. ^ X 5. 

27. 5i X 6. 



28. 34721 X 7. 

29. 126if| X 23. 

30. ^ X 8. 

31. 5| X 4. 



32. 482f X 126. 

33. If X 10. 

34. 10| X 6. 

35. l^ X 8. 



N. B. — Let the pupils wrUe the rule and state the case. 
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36. Multiply I by 6. 

duggestibn. — If we divide the denominator by 5, according to the 
rule, we have f , or 3. Or, if we multiply the numerator, we have 
J^, or 8. Hence we see that 

127. To multiply a fraction by a number equal to its 
denominator, toe simply drop the denominator. 

37. Whatis^x 7? |x3? H x Id? ^ x 2? 



To Multiply by a Fraction. 

1. If I multiply a number by 12, how many times as 
great a product do I get as when I multiply by 6, which 
is ^ of 12 ? How many times as great as when I multiply 
by 3? By 4? 

2* It I wish the product of 13 when multiplied by 3, 
bow ean I get it ftom 6 times 13, which is 78 ? How can 
1 get 3 times 13 from 12 times 13, which is 156 ? 

Principle I. 

128. Any multiplicand multiplied by any multiplier 
gives 2 timss as great a product as when multiplied by ^ 
that multiplier, 3 times as great a product as when mul- 
tiplied by \ that multiplier, 4 times as great as when mul* 
tiplied by ^ that multiplier, etc. 

3. By what must I divide to get 5 times 23 fix)m 230, 
which is 10 times 23 ? From 460, which is 20 times 23 ? 

i. Eight times 7 are 56 ; from this how many are 4 tiiti^ 
7? 2tiities7? 

Wnalt part of 8 tunes 7 is 4 ttmes 7 ? 2 times 7 ? 
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1. Here are two apples divided into 
Hiird&. \ of each, of the 2 applet 

makes how much ? /jj^l qJtk 

What part of 2 is I? It/ ^U 

2. What part of 3 is f ? That is, (31 CB 
if 3 things are divided into 4ths, and 

1 is taken from each, how much is jj^x ^t\ (t[\ 

taken ? What part of the 3 is taken ? m/ ^ ^ 

3. What part of 5 is | ? Analyze * ^ /V (^ 
the operation as above. ^ 

4. In like manner show that i( is ^ 

of 7. That 1^ is ^ of 11. That ^ is i of 4. That ^ is 
^ of 13. That ifi is t of 141. 

Principle II. 

129. The Numerator of a fraction may be considered 
as a Dividend and the Denominator as a Divisor of it, tH 
tfoine of the fraction being the quotient. 

5. Show that ^ may be considered as 7 divided by 11. 

If we take 7 things and divide each into 11 equal parts, and then 
take 1 part from each, what part of the 7 have we ? How do we 
get t*t of anything (92) ? Then how many llths have we when we 
divide 7 by 11 ? 

6. Show that | may be considered as 6 divided by 5. 



1. Multiply 15 by f 

Solution, If we multiply 15 by 3, we have 45 ; but according to 
(129) i is only J of 3 ; hence, according to (128), 45 is 5 times as 
large as it should be* Therefore 45 -t- 6 = 9 is the correct product, f 

* The teacher may explain that solving a question and giving the reksoiiB for 
each step ia eometimos called analyzing it. 
t If thought best the teacher can explain that tills is the same hs moliiplyiiig 
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2. Multiply 7 by |. 

Solution. 2 times 7 = 14. But einoe the multiplier is only \ of 
2, this product is 5 times as large as it should be. Hence the true 
product is 14 -4- 5 = 2t. 

3. Multiply 8 by f , and explain as above. 

4. Multii^y 11 by J, and explain as above. 

5. Multiply 13 by f ; 15 by |; 14 by f ; 18 by f 

6. Multiply f by f 

Solution.— Multiplying f by 4 (104) we have \^. But this pro- 
duct is 6 timeaas great as it should be by (128). Hence we must 
divide J,^ by 5. V + « = H ty (107). 

7. Multiply i by |. 

How do you multiply by 2 ? How divide by 5 ? 

8. Multiply i by |. 

To multiply by 3 divide the denominator ; thus } x 8 = | (105). 
Now to divide J by 2, divide the numerator ; thus | + 2 = f . Hence 

t X t = f- 

9. Multiply -fi by }, performing both operations by 

dividing. 

To Multiply by a Fraction. 

130. Kixle. — Multiply by the numerator and divide 
by the denominator. 

Why multiply by the numerator ? Why divide by the 
denominator ? • 

Perform the operations by division as far as practicable ; and 
when the multiplicand is an integer which is divisible by the 
denominator of the multiplier, divide first. 

Solve the following, performing the operations by 
division whenever practicable; and when the multipli- 

by the fiicton of the multiplier in sacceseion, accordiDg to (58). Thus the ftc- 
tors of t are 8 and |. 15 x 8 = 45, and to multiply by } is to take | of a number 
or to divide by 5. Hence 46 x } = 0. 
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cand is an integer, divide first if you can. Do all men- 
taUy: 



IQ. 12 X f 

11. 13 X f 

12. H X f 

13. lixf 

14. 28 X J. 

15. 17 X f 



Prod,, 10. 
Prorf., 10|. 
Proof., f . 

Prod., 49. 
Prorf., llf 



16. I X I 

17. ♦ X I 

18. Y X i 

19. « X f 

20. 15 xf 

21. 31 X f 



22. f X f 

23. ^ X |. 

24. A X i, 

25. 4 X f 

26. 20 X f 

27. 11 X f 



To multiply by ^ is to take what part of a number? To multiply- 
by J? Byi?* 

Will multiplying by f give a greater or a less product than mul- 
tiplying by J? Howmucih? 

^To multiply by { is to. take | of the multiplicand. How do you 
get \ ? From this result how do you get { of the multiplicand ? 

See if you can explain multiplying by a fraction on these prin- 
ciples. 

The rule for multiplying one fraction by another is sometimes 
given thus : Multiply tlie numerators together for the numerator of 
theprodtietf and the denominators together for the denominator of the 
product. 

Can you give the reasons for this rule? They are just the same 
as for the rule (130). How does multiplying the numerator of the 
multiplicand affect the multiplicand ? How does multiplying the 
denominator of the multiplicand affect the multiplicand. 



Perfonn and expla.iu the following : 



28. -f^ X ^. 

29. tyX-A"* 

30. 4 X |. 



31. 184 xf 

32. 300 x|. 

33. 72 X f 



34. 53 X J^ 

35. 256 x^. 

36. 1000 x-j^. 



37. H xH. 

38. JftL X ^^. 

39.imxW. 



* It may be well to omit these six paragraphs until a review is taken. Do not 
trpable the be^inne<: with too many methods. 
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Cancellation. 

40. Multiply M ty *f • 

Solution. ^ X 14 = 1? V ? l* Now we can see a factor 5 in 
the 10 in the numerator and also in the 15 in the denominator. 
Rejecting this factor from the numerator divides it by 5; and 
rejecting it also from the denominator divides U by 5. Hence if we 
reject it from both we shall not alter the value of the fraction (108). 

Thus we have \\ x ig ^ *i x V * ^Sa^» ^® ^® * **<^' "^ ^ *^® 
28 in the numerator, and also a factor 7 in the 21 in the denomina- 
tor, which can be rejected for a like reason with the 5. (What is 

the reason?) Thus we have ^^ = |4-| = f 

131. BejectiDg equal fEUitors which appear both as 
multipliers and divisors in an operation is called Canoel- 
lation. 

Cancelling such equal factors does not change the value of the 
result, because dropping a factor from a multiplier would divide 
the result, while dropping it from a divisor would multiply the 
result. Hence one operation compensates for the other. 

41. Multiply together the three fractions |, ^, and ^, 
Operation. 1 x ^^ x -^ = ^^^^^^ = -^. 

ft 8 

B3cplanation.~Ob8erving the factor 12 in the numerator and a 
like factor in the 24 in the denominator, we cancel it, leaving a factor 
2 in place of 24 in the denominator. This does not change the value 
of the result. (Why ?) In like manner we cancel the 7 in the numera- 
tor and the same factor in 86 in the denominator. (Why 1) As there 
are now no common factors, we perform the indicated multiplicft' 
tions, and have ^ as the product. 

42. Perform by cancellation ffx^x^x^x-V- 

3 

Operation. ^ o v 8_ . i s 8i _ iii x n x i x n. x ^i s _ 

8 8 

Pupil trace the process and give the reasons. 
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43. What is I of 4? 

Observe that to multiply by f is to take f of a number ; or to 
take I d times. Hence f of ^ is ^ x f ; or, since in multiplying it 
is immaterial which of the factors we use as the multiplier, i of ^ 
18 the same as f x f . 

Fractions connected by the word " of" are sometimes caUed Com- 
pound Fractions. This " of is simply equivalent to the sign x , 

Perform the following by cancellation : 

44. |of|ofioff=^, 

45. f X I x^x^x f 



46. 8 x^x^x^x f 

47. 15x I X I X I Xj\. 



48. |of|4ofAofi4. 

49. i of i of 12. 

50. iofi;iofi;ioff 

51. 30xf x|x^. 



Perform the following, first reducing the mixed num- 
bers to improper fractions : • 

52. 5|x4J=25|f. 

53.8 x2| x^x^V x^=2^- 
54. 8|x2^x3f xl6|=1208f 



66. 4+x5|=24. 

56. 2|x3}=9f 

57. 7ix4i. 



Tw^ mixed numbers may be multiplied 
as in the margin. See if you can trace the 
process. 



20 + J^ + V + ^ = 24 



58. Multiply -^ by }, by cancellation. 

Suggestion. — We have ^— ~J- Now as both the Jj and 7 are 

6 

cancelled in the numerator, what remains ? Is the numerator of 
the. product ? No ; if we remember that cancellation is only 
dividing the terms of the fraction by the same number, we shall 
see that really there is a factor 1 to be understood when we cancel 7, 



and also when we cancel 8, so that the result would be 



1X1 
^ X 1 



1 

6' 



59, Perform the following: |xffx|xf;4x|ix 
I X 4; I X I X 35; ^ X -c^ X 10 x f 
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SECTION V. 



DIVISIOJf OF FRACTIOJfS. 



To Divide a Fraction by an Integer. 

132. Rule. — Divide the numerator , or multiply tlie 
deno^ninator hy the integer. 

This is the same as Principles III. and IV. (106, 107). If 
necessary review those, and soive the following, giving the expla- 
nations as under those articles : 



1. f 

2. V 

4. A 



5.tt 



5: 

4: 

3 

•2: 

6 



:what ? 
what ?^ 
:what?' 
what ? 
:Whafc? 



6. W 

7. -H- 

8. -Hi- 

9. i*W 



10. i 



7. 

7. 

151. 

19. 

5. 



11. ■V-^10. 

12. 14-^13. 

13. Hl^lll- 

14. 'fH-93. 

15. m^20. 



To Divide by a Fraction. 

1. How many sixths are there in 1 ? Then how many 
times is \ contained in 1 ? 

2. What is 1-^i? 1-^i? l-^i? l-^i? Tell 
why in each case. 

3. How many times is f contained in 1 ? 

Solution. — Since there are 6 sixths in 1, } is contained 6 times in 
1. And as f is 2 times \, f is contained in 1 only \ as many times 
as } is. Hence f is contained \ of 6, or 3 times in 1.* 



* If thonght expedient the tea<Eher may show that this is bat dividing snccess- 
ively by the fbctors of the divisor according to (89)* Thus to divide 1 by \ we 
divide snoceiiiyely by I and S. 1•^| = 8, andS-t-Hs §. 
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4. How many times is f contained in 1 ? 

8olution.^Since there are 3 thirds in 1, ^ is contained 3 times in 
1. And as } is 2 times i« f is contained in 1 only \ as many times 
as ^ is. Hence f is contained \ ot Z, or f times in 1.* 

5. In like manner find how many times \ is contained 

Principle. 

133. A Fraction inverted sliowa how many times that 
fraction is contained in 1. 

134. The Beciprocal of a number is 1 divided by 
that number; hence the Reciprocal of a fraction is the 
fraction inverted. 

6. Find how many times each of the following is con- 
tained in 1, and give the solution in eabh case : f ; 4; -^; 



1, How many times is | contained in 5 ? 

Solution, f is contained in 1 f times : and since 5 is 5 times 1, 
f is contained 5 times as many times in 5 as in 1. Hence f is con- 
tained 5 times f , or -^ = 7^ times in 5. 

2. How many times is f contained in 6 ? 

Suggestions. — ^How many times is f contained in 1 ? If f is con- 
tained } times in 1, how many times is it contained in 6 ? 

Ans., 14 times. 

• 3. How many times is | contained in 7 ? 

Ans., m times. 
4. How many times is | contained in 4? 

Solution, f is contained f times in 1, and in f it is contained f 

* See note on preceding page. 



1*4 



COMMON FRACTIONS. 



^ many times as in 1. Hence | is contained in f , f of f, or ^ 

times. 

5. How many times is f contained in -^ ? 
SuggesUons. l-i-^ = }. Hence^-H J = J^ of | = |f = 1^. 

To Divide by a Fraction. 

186. 'SLvIq.— Invert tJie divisor and multiply the remit 
)y the dividend. 

Bemonstration. — The divisor inverted shows Low many times 
ihe divisor is contained in 1. Then in 2 it will be contained 2 times 
AS jasLSLj times as in 1 ; in 8, 8 times as n^ny times ; in 4, 4 times as 
n\any times ; in }, | as many times ; in f , f as many times, etc. 

6. Divide 11 by f 

Solution, f is contained | times in 1, and in 11 it is contained 11 
limes as m$my times as in 1. Hence 11 -•- f = 11 times |= J^ = 25|. 

7. Diviile f by -j^. 

Solution. -^ is contained ^ times in 1, and in { it is contained { 
imes as many times as in 1. Hence f -*- A = f tinies J^ = ff = 8^. 

Perform the following, giving the solution in full : 



16. 12 

17. H 



18. t -T- f 
19. 127 

20. 43 

21. 71 
22.^ 



A. 

A. 
23. ^ -r- f 



A- 



H. 



24. 5 -f- f 

25. i -^ f 

26. i -r i- 

27. + -^ i. 

28. tIt"^ ix- 



8. 8-:- 1 =36. 

10. t-:+=M. 

11. ll-:-f =16f 

12. 17-: 4=6i. 

13. H-*=1M' 

15. -J- "5" yV^^^W' 

32. Divide 4| by f 

t 8 

Suffgesiion. 4| = V* Now Y^V^^""* = ^' 

Perform the following, reducing the mixed numbers to 



29. 10 -T- f 

30. 100-f-^. 

31. T*3-^F. 



DIVISION OF FACTIONS. 



145 



improper fractions, and then, putting the operation in the 
form of a problem in multiphcation, cancel aa much as 
possible : ... 



33. 10i-^3i. 

34. l^f-r-6f 

35. lin"-r-5ft-. 

36. 114-f-7if- 



37. 42|^ 4H. 

38. ^- 44.; 

39. H-T- 1|. 

40. 121i^23f 



41. 


25|-i 


-2|. 


42. 


122 H 


^7f 


43. 


^Z- 


bf 


44. 


^H 


M- 



Complex Fractions. 

136, An expression in the form of a fraction having 

a fraction in its numerator or denominator, or in both, is 

i A 41 
called a Complex Fraction ; as |, |, ^, etc. 

i 

1. What is the numerator of | ? If you multiply | by 3, 

I- X 3 
what does it become ? (137). Then what is j— ^ = to ? 

4r X u 

2. What is f ^f^? = to ? What are the terms of f ? 

137, A fraction with a whole number for a numerator 
and a whole number for a denominator is called a Simple 
Fraction. 

To Reduce a Complex Fraction to a Simple Fraction. 

138, Rule. — Multiply both terms of the complex frac- 
Hon hy the least common multiple of all the demnhincctors 
of tlie partial fraction^. 

Ddmonstration.— This does not alter the value of the complex 
fraction according to (108). It destroys the denominators of the 
partial fractions, because to multiply a fraction by a number-equal 
to its denominator, we simply drop the denominator (127), and as 
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the multiplier contains each denominator of a partial fraction as a 
factor, all the denominators will disappear in the process. 

3. Reduce -f- to a simple fraction. 

Solution.— The least common multiple of 9 and 12 is 36. flence 
^ |x36 1x4x0 . 

""^^^^A^Tse'^'ixi^^x 3 == A- 

Bedace the following Complex IractioDS to simple frac- 
tions, whole or mixed nambers : 



*• i ~ 14- 

5 ti-1 

6 ?!*=? 

"• T ~ 55' 



^- 6f 
10. ^. 

11 ^ 

12 A 
3f 

13. ^• 



14. 



15. 



16. 



17. 



18. 



121i 
327|' 

JL 

iiif 

lOJ 

** 

11141 
66i' 
49^ 
124" 



Applications. 

[Let it be borne in mind that in aU eases^vrhen the numbers are 
reasonably small and the combinations not too numerous, the solu- 
tion is to be given without writinjir, and in all cases the Beagoru 
for the Processes are to be given in clear and logical statement.] 

1. How many cents make $1 ? How many cents arc i 
of a dollar? ^ of a dollar? J? ^? |.? |? ^? 



* It is not necesBary or best in sach cases to reduce the mixed nambers to 

8i X 8 81 8 
improper fractions. In this case mnltiply both terms by 8, thas rr^ "^§1^4* 
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2. One is what part of 2? Of 3? 4? 5? 6? : 7? 
la? 67? 123? 347? 5280? 

3. What p^-t of 3 is 2 ? 

Solution. 1 is I of 8, and 2 being 2 times as great as 1, is 2 times 
as great a part of 3 as 1 is. Hence 2 is 2 times \, or { of 8. 

4. What part of 7 is 5? 3? 6? 2? 4? Give the 
solution as above. 

5. What part of 13 is 3 ? 2? 10? 9? 12? 

139. We observe that all we have to do to ascertain 

what part of one number another is, is to loriie the former 

as the denominator and the latter as the numerator of a 

fraction. 

Of course. we sliould rlways put results, when fractions, in simple 
fractions, and tliese in their lowest terms. 

6. What part of 16 is 12 ? Ans.y |. 

7. What part of 1) is 2| ? Ans., ^ = i- 

8. What part of 100 is 25? 10? 5? 16? 12 J ? 
33^? 66f? 62i? 37i? 6^? 16|? 

9. What part of 18 is 12? 6? 4? 2? 3? 5^? 6^^? 

• 10. What port off is |? Ans., | =: f 

What part of iis|^? 
What part of | is f ? 
What part of f is ^ ? 

11. How many times | is -f? Am., | = 2|. 

9 

How many times | is ^ ? 
lEow many times ^^f is 4 ? 

12. What part of a year (52 weeks) is 13 weeks ? 26 
weeks ? 24 weeks ? 12 weeks ? 14 weeks ? 6 weeks ? 

13. 320 rods make a mile. WTiat part of a mile is 40 
rods? 80 rods? 120 rods? 60 rods? 
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14. There are 3 feet in a yard, and 12 inches in a foot 
What part of a yard is 4| inches ? 9 inches ? 18 inches.? 
27 inches? 

15. There are 320 rods in a mite, and 16^ &et in a rod. 
How many feet are there in a mile ? What :part of a mile 
is.2640feetH 1320?, 660 P 1980? 400? lOOOT . 



16. Which is the greater, f or -J^ ? 
Suggestion, f = ig. 

17. Which is the greater, f or if ? f orf? | or A? 
iVsrorWV? AorA? for*? Hor^? 

18. Mr. Walter owned f of a piece of land, Mr. Smith f , 
and Mr. Jones the remainder. Which owned the most, 
and which the least ? How much did Mr. Jones own ? 

Answer. Mr. Smith owned the most, and Mr. Jones the 
feast. 

19. A sold to B 4 of his farm, and then bought back | 
of what he sold. Which then had the larger part of the 
farm? How much the larger part had he ? 

How do 70a compare two fractions in order to ascertain which is 
the greater? WriteartUe. 

20. A bought I of I of a piece of land, and B bought | 
of the remainder. Which bought the more of it ? How 
much tie more ? How much remained ? 



21. If 12 is 4 of a number, what is ^ of the number ? 
What is ^, or the whole of the number ? 

22. If 9 is i of a number, what is the whole of the 
number? 

Solution.— Since J is J of f , if 9 is f of a number, J of that hum- 
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h&r'i^.i.0i 9, or 3 ; and if 3 is ^ of a number, |, or the whole of it, is 
4:tim09 3, or 1^. H^nce 12 is the number of wMch/9 is |. - 

23. If 15 is ^ of a number, what is that number ? 

24. Mr. Harris bought 27 acres of land of Mr. Whipple, 
which was ^ of Mr. Whipple's farm. How much had Mr. 
Whipple at first ? How much had he left ? 

25. A sold 56 sheep to B, which was | of his flock. 
How many sheep had A left ? How many had he at first ? 



26. f of 12 is I of what number ? 

Solution. { of 12 is 8. Now if 8 is | of a number, ^ of the num- 
ber is { of 8, or 2. And if 2 is |, f , or the whole number, is 5 times 
2, or 10. Hence f of 12 is J of 10. 

27. f of 21 is i of what number ? 
I of 15 is ^ of what number? 
■^ of 40 is f of what number ? 
i of 27 is f of what number ? 
f of 27 is ^y of what number? 
i of 81 is ^0^ of what number ? 

28. A owned ft farm of 260 acres, and sold ^ of it> 
which was just equal to -f^ of B's farm. How many acres 
in B's farm? 

' 29; j- of ^0 is t of how many times 9 ? 

Suggestion. — ^As above, we find that | of 20 is ( of 27, which is 3 
times 9. 

V 30.. fof 24 is,} of how many times 10? - 

1^ of 45 is ^ of how many times 3 ? 

. 4 of 35 is i of how many times 2 ? 

I ,of..81 is ^ of how many times 9 ? 

I of 15 is I of how many times 7 ? 
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Suggestion. — Such examples afford an excellent drill when ana* 

Jyzed mentally as above, and should be so solved. They wUl also b« 

found a neat written exercise in cancellation. Thus the last gives 

I. 
this form of operation : | x Ijl x ~ x ^=2. 

140. la order to use cancellation to abridge computa- 
tion, we first examine the problem and ascertain what 
numbers are to be multiplied together, and by what we are 
to divide. Then representing these operations by signs, 
proceed to cancel all factors which appear both aa multi- 
pliers and divisors. 

Cancellation is serviceable only in cases in which there 
are multiplications and divisions to be performed. When 
the processes are chiefly addition and subtraction, it is of 
no use. 

31. If 5 yards of silk cost $7, how much will 15 yards 
cost? 

Suggestion. — In solving this we first find tchat 1 yard coats, hy 
dividing the cost of the given quantity by that quantity. Then we 
multiply the cost of 1 (yard) by the number representing the re- 
quired quantity (15 yards). The operations then are : 

Cost of quantity, 7 .^ . , ^.. 

- "[.^ ^y 15, required quantity. 

Qifantity, 5 i ^ ^ 

3 

Hence !^xl$ = 21, the required quantity. 

32. If I of a yard of silk cost •C, what will 2^ yards cost ? 

Suggestions. — We have 

(6 -7- I) X 2i, or X I X f = 20. 

33. If I of an aore of ground cost $215, what will 3| 
acres cost ? Ans., $1008. 

84. If 2i yards of cloth cost $3^, what will 5^ yards cost ? 

Ans.) $7, 

3 times $3^ gives tlic answer. Why is it T 
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35. If 4 of an orange cost 2^ cents^ what will ) of an 
orange cost? 

36. If 5 oranges cost 35 cents^ what do 8 oranges cost? 

Suggestion, — It should be seen clearly that the analysis is the 
same in both these last two examples. In each case we divide the 
cost of a number of articles by the number, to get the cost of 1 ; and 
then multiply the cost of 1 by the number of required artidea 
Thus we have 

For Ex. 85, 2J-*-f x f; 
and for 86, 85-*- 6 x 8. 
This is the practical view of these examples ; but let not the 
fuller analysis of such examples as 85 be neglected. 

37. If f of 6 yards of cloth cost $3f what will | of 7 
yards cost ? 

Practical Operation. Sf -•- f of 6 x { of 7, or 

s 

38. If I of a yard of cloth cost ^, what will f of a yard 
cost ? 

FuU Analysis. — If 2-thirds of a yard cost } of a dollar, 1-third 
costs I of \, or { of a dollar; and if 1-third costs f of a dollar, 
8-tliirds cost 8 times f , or f of a dollar. Again, if 1 yard costs f of 
a dollar, 1-fifth costs \ of |, or ^if^^ of a dollar, and 2-fifths cost 2 
times ^, or 1^ of a dollar. 

39. If I of twice my age is 30 years, what is my age? 
If 4 of 4 times it is 22^^, what is my age ? If | of ^ of it 
is 8, what is my age ? If 3 times | of it is 30, what is 
my age ? 

40. If ^ of I of the distance to a certain place is 48 
miles, what is the distance ? If | of | is 10 miles, what is 
the distance ? If | of 2| times the distance is | of a mile, 
what is the distance ? 
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41, If jf of a barrel of flour cost $1^, what will 5| barrels 
cost? ^w«,, $28.33i. 

1 42.: If f of 6 yards of cloth cost $24> how much will f 
of 7 yards cost ? An8,y •Si^, or $5.95. 

43. If ^ of $2 J is the cost of a yard of cloth, what is the 
cost of \ of a yard of the same ? Of 5 yards ? 

44. If I of I of a barrel of flour cost $3^, what will j^ of 
4 of 21 barrels cost ? 



45. A vest costs I6|, a hat $5^, and a pair of boots I8f ; 
what is the cost of all ? 

46. Bought flour at $7| per barrel, and sold it at $8; 
how much did I mate on 50 barrels ? Had I sold it at 
I7f per barrel, how much would I have made ? 

47. Bought 5 loads of potatoes, containing respectively 
33^, 27f, 40J, 35^, and 29 J bushels, and sold 12f bushels 
to each of 3 men, and 25^ to each of 4 men. How many 
potatoes had I left ? 

48. Having on hand 19^ tons of iron, if I sell 10^ tons 
at $45 per ton, and the remainder at $43, what will I 
receive for it ? Ana.i $871.90. 

49. Mr. Jones owns |^ of a tract of land, and Mr. Smith 
buys f of Mr. Jones's share, how much has Mr. Jones left? 
How much does Mr. Smith buy if the tract is 160 acres? 

An&wer to.last^ 64 acres. . 
'50. What is a third and a half a third of 10 ? Of 12 ? 
Of 5? Of 7? Of 8? Of 9? 

51. What part of a number is ^ and |^ of | of it? f and 
} off of it? } and i of i of it? 

.52. What is two-fifths and one-half of two-fifths of .5? 
Of 12? Of 7? Of 20? Of 6? Of 35? 
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- 53. W-hatisfandiof|of8? Of 10? Of 12? Of 11? 
^ 54. Sold 5f yards of cloth at |3|^ per yard, and received 
in payment 32|^ pounds of butter at 15| cents per pound, 
f of a ton of bay at 115 per ton. What is the balance f 
and is it in my favor, or against me ? 
V 55. How much cheese, at 16f cent^ per pound, can bt 
bought for } a dollar ? 

. 56, How many raisins cm be bought for $1, at 17^ 
cents per pound ? ' 

57. Bought a box of soap containing 70 pounds. Keep 
ing it all summer it dried away J, when I sold it at 8f 
cents per pound. I gave 7 cents per pound. Did I make 
or lose ? How much ? 

. 58. Bought 10 cords of wood for 15^ per cord. Paid 
$1 per cord for sawing, If for splitting, and 1^ per cord for 
wheeling it into the shed and piling it. How much did 
the wood cost me in all? Ans,, 170. 

59. Owning 100 acres of land, I sold 27^ acres to one 
man and ^ the remainder to another. How much had I 
left? 

60. A man cuts 35| cords of wood in 2^ weeks, working 
time. What is the average of each day's work ? How 
much does he earn per day, at 50 cents per cord for cut- 
ting? 

61. If 3^ yards of cloth cost |4|, and 20 bushels of 
wheat bring I26f, and a farmer brings in a load of 36 j 
bushels of wheat and buys 40 yards of cloth, what is the 
balance; and to whom due ? 

Ans.^ There is a balance against the farmer of $1.33^. 

62. A room is 5 yards wide and 5| yards long. How 
much will it cost to carpet it vrith yard wide carpeting, at 
$1.10 per yard ? 
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63. From Chicago to Detroit, by way of the Michigan 
Central Bailroad, is 284 miles* If an express train loaves 
Chicago at 9 o'clock in the moriiitg, and arrives at Detroit 
at 6 o'clock and 45 minutes (6^ hours after noon), making 
2 stops of 20 minutes each, and 12 stops of 5 minutes each 
on the way, what is tlie average rate per hour run by the 
train ? An8.y Neiirly 35^^ miles. 

Suggestion. 100 minutes are If hours, since 40 minutes are fj, 
or } of an hour. 

64. A man engages to do a certain piece of work in 100 
days. What part ought he to do in 10 days? In 25 
days? In 12^ days? In 16| days? In 33^ days? In 
62^ days ? In 6^ days ? In 11 days ? 

65. If 20 men require 7|^ barrels of flour for their sub- 
sistence 5 months, how much will 30 men require for a 
year? 17 men for 6 months ? A barrel of flour is 196 
pounds. At the above rate what is a man's daily allow- 
ance ? Ans,j .49, or about \ a pound. 

66. How long could 50 men subsist on a stock of pro- 
visions which would last 7 men 80 days? 10 men 100 
days? 13 men 200 days? 5 men 8 days? 11 men 176 
days ? 

67. A man bonght 189 acres of land at $10 per acre, 
and 250J acres at 113 per acre. He sold f of the fonner 
tract for $18^ per acre, and | of the latter at $19 per acre. 
What would he make on the whole by selling the remain- 
der at $20 per acre ? Ans., 13352.65. 

68; Bonght at one time 320 acres of land at $25^ an 
acre, and at another 275 acres at %Z1\ an acre. Sold f of 
the whole at $20, and the remainder at $30 per acre. Did 
I gain or lose ? How much ? 
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69. A boy, on being asked the time of day, said : " One- 
half the time past noon is ^ of the time from now till mid» 
night/' What was the time ? 

Solution. — If ^ the time past noon W843 \ the time to midnight^ 
the whole time past noon was 2 times as great a part of the time to 
midnight, or 2 x ^^ = (. Then if the time past noon was \ the 
time to midnight, the whole 12 hours would be divided into 3 equal 
parts, one part being the time from noon to the hour required, and 
2 parts the time from this hour to midnight. Hence \ of 12, or 4 
hours was the time past noon. It iy&s, therefore, 4 o'clock in the 
afternoon. 

70. A man on a jouraey of 120 miles had traveled a 
distance equal to -J of the remaining distance. How far 
had he traveled ? When he had gone a distance equal to 
f of the remaining, how far had he gone ? How far when 
be had gone a distance equal to f of the remaining dis- 
tance ? 

71. Iff of the distance from 
A to B is J of the distance 

from B to C, and the distance » — , — — i — ^ — i — ^ — i — ^ — i — r— i 

A B C 

from A to C is 55, what is the 
distance from A to B ? From 
BtoC? 

72. Two-thirds of the time from now to midnight is f 
of the time from noon past to now. What o'clock is it ? 

73. Twice the time from now to midnight is the time 
past noon (f. e., is the hour of the day). What time is it ? 



74. A hound in chasing a fox runs 7 rods while the fox 
runs 5. How many rods does the hound gain on the fox 
in running 7 rods ? In running 14 rods ? In running 21 
rods? 
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How many rods does the hound gain while the fox runs 
6 rods ? 10 rods ? 15 rods ? 

If at the start the fox is 60 rods before the hound, how 
far will the hound run to catch the fox ? How fer will 
the fox run ? 

75. A fox is 40 rods before a hound, and runs 3 rods to 
the hound 5. How many rods must the hound run to 
overtake the fox ? How far will the fox run ? 

76. A regular train starts from New York at 1 o'clock 
in the afternoon, and runs at the rate of 32 miles an hour. 
At 3 o'clock a special train is started in pursuit, and is 
inin at 40 miles per hour. At what hour will the special 
overtake the regular train ? How far from New York ? 



77. If 4 men perform a certain piece of work in 3 days, 
how many men will it take to do 5 times as much work in 
10 days ? 

Suggestion. — As the inquiry is about men, we must operate upon 
the given number of men^ that is, upon the 4.* If 4 men can do 
the work in 3 days, it wiU take 3 times 4 men, or 12 men to do it 
in 1 day, and to do 5 times as much work wiU require 5 times 12 
men, or 60 men. Now if 60 men can do the required amount of 
work in 1 day, it will require only ^ as many men, or 6 me7i to do 
it in 10 days. 

78. If 4 horses eat 16 bushels of grain in 8 days, how 
many bushels will 3 horses eat in 12 days ? 

Ans., 18 bushels. 

79. If it require 7 men to cut a certain piece of grain in 



* TbiB point needs to be Been cTearly. No division, mnltlplication, or other 
arithmetical operation can change the character of the number operated upoiu 
ThuB 2 times 4 men are 8 men, 3 times 6 days are 18 days, etc 
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5 days, how many days will it take 13 men to cut 3 times 
as large a piece ? Ans*y 8^ days. 

80. If 4 men can build 80 rods of fence in 6 days, how 
many rods can 10 men build in 5 days ? In 2f days ? 

Suggestion. — Indicate the multiplications and divisions required, 
giving the reasons for them as above, and then cancel. Thus 1 man 

wiU build ^ rods in 6 days, and ^^^ in one day. Then 10 men 

5 20 

will build V ^ V rods in one day, and 1?.^-^^^ = ^ = 160* 

3 

in five days. 

There are other methods of analyzing such examples. Thus 4 
men in 6 days do 24 days work, and 10 men in 5 days do 50 days 
work. Then 10 men in 5 days will do ff times as much work as 4 
men in 6 days. ffof80 = 166|. . 

81. If pipes fill a cistern containing 120 barrels in 10 
hours, how many pipes of the same size will it tak,e to fill 
a cistern containing 200 barrels in 8 hours? 

82. If 3 men can plow 16^ acres in 4 days, how much 
<}an 5 men plow in 7| days ? Ans:, 47^1 acres. 



83. Two persons, 130 miles apart, start to travel toward 
each other, one at the rate of 25 miles a day, and the 
other at the rate of 32 miles. How long before they will 
meet ? Ans.y ^, or 2^^ days. 

84 Two persons start from places 7^ miles apart and 
travel the same way, one at the rate of 3f miles per hour, 
Bnd the other at the rate of 4J. How far apart will they 
be in 5 hours ? Ans., 11^, or 3^ miles. 

- 85. Two persons on the same east and west line and 15 
miles apart, start to travel towards each other. If they 
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continue these directions, one at the rate of 2| miles pei 
hour, and the other at the rate of 3| miles per hour, how 
far will they be apart at the end of 6 hours ? 

Ans,f 22| miles. 

86. D bought of E 35| bushels of clover seed, for 1142, 
and afterwards sold to F ^ of his purchase, at a profit of 
$1 J per bushel. What did the part sold to F amount to ? 

Ans., 146^. 

87. At the rate of $61| for llj cords of wood, what will 
be the cost of 6 loads of ^ of a cord each, 4 loads of | of a 
cord each, and 8 loads of f of a cord each ? 

Am., $74.71 nearly. 

88. A purchased of B 40 yai'ds of cloth for $260. He 
then sold to C | of his purehaee at a profit of $| per yard, 
and the remainder to D at a loss of $^ per yard. What 
did A gain or lose by these several transactions? 

Ans,y Gained $7. 

89. What is the value of ^ of ^ of a vessel, if aj)erson 
who owns 3^ of it sells ^ of | of his share for $1750 ? 

90. There are 60 seconds in a minute, and 60 minutes 
in an hour. At what rate per hour is a railroad train 
running which goes :J- of a mile in 18 seconds ? 

91. Two land speculators went West to buy land. One 
bought fj of a section (640 acres), and the other f|. 
Which bought the most land ? How much ? 

92. If J of a pound of silver dollars is worth $10jf, what 
is tl^e weight of $1 in ounces, 12 ounces making a pound ? 

93. 16^ feet make a rod. What is the length and what 
the width in feet of a village lot 4 rods front and 8 rods 
deep ? 
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94. If 36 jwuads of sugar are worth 24 pounds of coflfee, 
and 22 pounds of coffee are worth 56 pounds of rice ; 
how many pounds of rice can be bought for 16 pounds of 
sugar? 

SolutioxL 1 pound of coffee is worth %% of a pound of rice, and 
24 pounds are worth 24 times ||, or ^ * ?^ J^ * pounds of rice. But 
this is the woi'th of 36 pounds of sugar. Hence 1 pound of sugar is 
worth - ^ ^ f I pounds of rice, and 16 pounds are worth g^^gg^i ? 

32x36 S8x30 

pounds of rice. Cancelling and reducing, we have 26J pounds of 
rice. 

05. If 40 bushels of potatoes are worth 46 bushels of 
cora, and 18 bushels of com are worth 14 hundred weight 
of hay, and 36 hundred weight of hay are worth 4 barrels 
of flour; how many barrels of flour are 75 bushels of i)Ota- 
toes worth? 

Suggestions. — As the answer is to be in barrels ^of flour, we 
operate on the 4 barrels. 

1 hundred weight of hay is worth ~ barrels of flour. 

3 6 

14 hundred weight of hay are worth * ^^* barrels of flour. 
1 bushel of com is worth -V^-r^ barrels of flour. 

30x18 

45 bushels of com are worth ^ ^}t ^q ~ barrels of flour. 

O X 1 o 

1 bushel of potatoes is worth ~-u-f|-^-f ?- barrels of flour. 

75 bushels of potatoes are worth ^aVx^iVx lo ~ ^^^^^ ^^ ^*^"^- 
Cancelling and reducing, we have the answer. 

96. If 8 bushels of wheat are worth as much as 3 cords 
of wood, 9 cords of wood as much as 3 tons of hay ; how 
many bushels of wheat should be given for 6 tons of hay ? 



97. How is the value of a proper fraction aflTected by 
addinfj the same number to both its terms ? Try it by 
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adding 3 to both terms of 4- By adding 1 to both terms 
off, Try other cases. _ 

98, How is an improper fraction whose value is greater 
than 1 aflFected by adding the same number to both its 
terms ? Try it by adding 2 to botK terms of | ; of J ; of ^. 
By adding 1 to both terms of f ; of -^. By adding 20 to 
both terms off; off. 



99. Of two unequal numbers, show that the greater is 
equal to the less -f- the diflFerence between the numbers. 

Also that the sum of the two is equal te twice the less 
+ the diflFerence. 

Also that if you add the diflFerence to the suin^ you have 
twice the greater. 

Also that if you subtract the diflFerence from the sum, 
you have twice the less. 

Suggestion. — The greater is made up of the less and the differ- 
ence. Hence the sum of the greater and the less is twice the less + 
the difference, and if we take away the difference we shall have 
twice the less. 

100. The sum of two numbers is 198, and their diflFer- 
ence 52. What are the numbers? Sum 295 and diflFer- 
ence 117. What are the numbers? 

Principle. 

141. If to the stim of two numbers the difference be 
added, it gives twice the greater; but if ^ from their- sum 
their difference be subtracted, it gives ttoice the less 
number. 
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lUustmtioiL 



GSEATEB. 



Less. 



-^ 



' « 



Sum 
J — I — I— 



DiFP. 

J L 1 1 1 



GSEATEB. 



I 



GSEATEK. 



I 



'O O ^O o 



Less. 



Greater. 



Sum. 

I ' ' ' ' I ' — I — I — I — I — I — I 

Sum — Dipp. 

\ \ I I I I I \ \ I I 



Less. 



Less. 



101. If the sum of two numbers is 70 and the diflference 
16, what are the numbers? Sum 222, difference 114? 
Sum 386, difference 214 ? Illustrate as above. 

102. James and John together have 86 cents, and John 
has 15 more than James. How many have each ? 

103. Two men, A and B, agree to work for. C for $lj^ 
per day's work. Together they work 38 days, and A 
works 5 days more than B. How much must each 
receive? 

£Tlie Tbagheb'b HAin>-BoOK fuitiislies over 600 exercises for 
class drill in Common Fractions, a large number of wbioli are 
adapted to oral, or mental work. 



CHAPTER III. 
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TENTHS. 



^ 



i^v^" 



HUNDMBTH 



a\w 




10 



d!^ 



SECTION I. 

DEFIJ^ITIOJrS, AJ^D READINO AJfD 
WRITIJ^O DECIMAL FRACTIOJ^S. 

1. K we divide any thing into 10 equal parts, what ii^ 
one of the parts called? What are two of the parts 
called ? 3 of them ? 4 of them ? 5 of them ? 

2. H we divide any thing first into 10 equal parts (as 
the counter in the picture), and then divide each one of 
these parts into 10 equal parts, into how many equal parts 
will the whole be divided ? What then is one such part 
!5alled? What 2? 3? 7? 8? 12? 35? 82? 
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3. If ire divide each of the 100 hundredths into which 
any thing may he divided into 10 eqnd parts, into how 
many equal parts will the whole be divided ? What is one 
of these parts called ? 

4. How many tenths in a unit ? How many hundredths 
in a tenth ? How many thousandths in a hundredth ? 

142. Dividing any whole, or a unit, first into 10 equal 
parts (tenths), and these again into 10 equal parts (hun- 
dredths), and these again into 10 equal parts (thou- 
sandths), etc., is called the Decimal Division. 

143. We have learned in Common Fractions that one- 
tenth may be represented thus ^; 2-tenth8, thus ^; 
3-tenths, thus ^, etc. So also that 1-hundredth may be 
written y^; 2-hnndredths, yf^^; 7-hundredths, yj^j^; 4- 
thousandths, x(Anr> ^^ ^^^ the^ is another way to 
represent such fractions as these, that is, those which 
arise from the Decimal Division, It is this: tenths are 
represented by putting a dot, called a Decimal Point, 
at the left of the figure telling how many tenths; thus .1 
is one-tenth; .2 is2-tenths; .3 is 3-tenths, etc. So also 
.01 is one-hundredth; .02 is 2-hundredths; .03 is 3-hun- 
dredths, etc. 

144. rractions which arise from the Decimal Division 
(143), and are represented by means of the Decimal Pointy 
and without the denominator expressed, are called Deoi- 
mal Fraotions. 

For brevity Decimal Fractions are often called simply Deeimdh, 
although strictly speaking, all numbers, whole or fractional, ex- 
pressed in the Decimal, or oonuuon notation, are Decimals. 

145. Counting to the right from the Decimal PoinU 
the first place is Tenths place, the second Hundredths^ 
the third Thousandths, the fourth Ten-thonsandthsy etc. 
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Thus t^e orders of decimal fractions sacceed each other as 
w§ go &oni units order towards the righf^ jost as the orders 
of whole numbers do as we go to the. lef^ according to the 
following 

DECIMAL NUMERATION TABLE. 






|S||K||gi|^ i||ig||a||^^ 

3^3333383333 3 . 3888S333333 
- Ordera of Whole Numbers. Orders of Decimal Fractions. 

b. Bead the following, and tell what they mean; .3: 
.5; .04; .07; .006; .001; .0008; 00007; .000003. 



Reading Decmub. 

1. In .23 how many tenths, and how many hundredths 9 
3 tenths are how many hundredths 9 Then 2 tenths and 
3 hundredths, are how many hundredths? 

How then is .23 read? Ans., 23 hundredths. 

2. In .636 how many tenths; how many hundredths, 
and how many thousandths ? 6 tenths and 3 hundredths 
make how many hundredths? 53 hundredths witii 6 
thousandths make how many thousandths? 

HoVihen is..536 read? 

To Read any Decimal Fraction. 

146. Bule. — L Numeraie the fraction ; thai is, begin 

at the decimal point and ftame the orders to the right, 
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and bear in mind tJie name of the lowest ^ or right hand 
order. • 

//. Read the expression just as a whole number, and 
then pronouns the name of the lowest or right hand order. 

We numeiftte to. .find what the denominator of the fraction is, 
Bince, as in whole numbers, the whole may be read as so ma,h7 of 
the lowest denomination (21). 

We then read the number as written, since it tells how many 
parts are represented, that is, it is the numerator ; and having read 
it pronounce the name of the lowest order, since this tells the de- 
nomination or kind of parts, that is, it is the denominator. 

This method of reading is just the same in principle as the 
method of reading a common fraction. 

. 3. Read .23478. Of what order is the 8 ? What then 
is the denominator of the fraction ? What is the numer- 
ator? How would you read AVoV o ? 

4. Read .00234. What is the denominator ? What the 
numerator? What is the diflferenee between .00234 and 

■ 284 9 

Read each of the following, also writing each in the 
ibrm of a common fraction : 



5. .304; 

6. .0027; 

7. .00801; 

8. .0101; 



9. .56; 

10. .506 ; 

11. .3004; 

12. .0501; 



13. .01; 

14. .001; 

15. .782564; 

16. .586423; 



17. .58437; 

18. .00236; 

19. .00028 ; 

20. .90801. 



We read .00801, 801 hundred-thousandths. As a common frac- 
tion it is written jiflftj^nj^ 

N. B. — ^Pupils write a rule for representing a fraction which is 
expressed decimally^ as a common fraction. 

31. Read 23.5. 

. This, ifi the same, as 23^^ and is read in the same way, that is "23, 
and 5-teiiti^s/- 
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22. Head 7248.347. 

In reading whole numbers and dedmala as mixed numbers, it 
may promote deamess to omit and in each case except before the 
fraction. True it is a little harsh; bat perhaps the perspicuity 
compensates for this. In this way 7248.847 will be read " 7 thousand 
2 hundred forty-eight, and 3 hundred forty-seven thousandths." 

Read the foUowiDg: 



23. 48.21 ; 

24. 107.056 ; 

25. 5006.00205 ; 

26. 5400.0064 ; 

27. 1000.0001 ; 

28. 7281.5436 ; 

29. 54037.02501 



30. 437.543621 

31. 1002.000508 

32. 7080.070936 

33. 5006.000807 

34. 52111.111111 

35. 5333.333333 

36. 6420.022022 



37. 152.342; 

38. 793.546; 

39. 100.001; 

40. 888.999; 

41. .4343; 

42. 3.1416; 

43. 2. 71828. 



Principle. 

147. Annexing Vs to a decimal does not alter its valvs^ 
since according to our method of reading, we annex an equal 
number to the denominator y and hence multiply loth terms 
of the fraction iy the same number, 

1. Explain the following: 
' .5 = .50 = .500 = .5000 = .50000. 
.25 = .250 = .2500 = .2500000. 

•012 = .0120 = .012000 = .01200000. 

< 

To Write Dedmals. 

148. Kule. — Write the numerator as a whole number. 
Then beginning at the right, apply the decimal numera- 
tion, calling the right-hand figure tenths, the next at the 
left hundredtJis, ^tc, filling all vacant orders with 0% till 
ilie name of the order designated by the denominate is 
reached; at the left of this write tlie decimal point. 



WRITING, 167 

1. Write six hundred twenty-five hundred-thousandths. 

Process. — The numerator is 625. Now beginning at the 5 eaU it 
tenths, the 3, hundredths, the 6, thousandths, and prefixing a call it 
ten-thousandths, and then another and call it hundred-thousandths. 
At the left of this last place the decimal point, thus, .00625. 

Reasons for the Role. — The numerator being a whole number 
is so written. The reason for beginning at the right to apply the 
decimal numeration is simplj to get the right number of places 
after the decimal point. True the orders are thus falsely named, 
but the expedient is convenient, and if this tiial numeration from 
right to left gives the right number of orders, the true numeration 
from l^ to right cannot fail to be right. 

3. Write fifteen hundredths. Nineteen thousandths. 
Six ten-thousandths. Twenty-four thousandths. Five 
hundred thousandths. Thirty-nine million ths. One hun- 
dred thousandths. Forty-nine hundredths. Ten ten- 
milUonths. Fifty -two thousandths. Eight hundred- 
thousandths. Eight hundred thousandths. Seventy-one 
hundredths. Ninety-one milUonths. Seventeen ten- 
thousandths. Two thousand eight hundred forty-five 
ten-thousandths. Three hundred sixteen thousandths 

3. Write sixty-nine, and nine hundred three thou- 
sandths. 

Suggestion. — It will be well for beginners to write the whole 
number first, and then, if the decimal is not readily written, write 
it in anot/ier place, according to the rule given abo^, and then an- 
nex it to the whole number. 

4. Write seven hundred three thousand, and two hun 
dred seven ten-thousandths. 

Suggestion.— The whole number is 703000. The decimal, written 
according to the rule, is .0207. Written together thej are 708000.0207 

Write the following : 
5. Five^ and two hundred sixty-three millionths. 
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6. Nine hundred eighty, and four thousandths, 

7. Two, and eighty-five billionths. 

8. Two hundred, and seventy-four ten-thousandths. 

9. Eight thousand two hundred, and thirty*-two thour 

sandths. 
10. Pour hundred fifby-two hundred-thousandths. 
XI. Sixty-five, and five hundred twenty-one thousandths. 

12. Eighty-two, and sixty-five billionths. 

13. 7 hundred 63 thousand twenty, and one hundred 
eight miUionths. 

14. Seven thousand five hundred 29 miUionths. 

15. Four hundred seventy-five hundred-thousandths. 

16. Forty-five, and three hundred and seventy-five ten- 
thousandths. 

17. Three billion seven hundred fifty-five million 2 
hundred 26 thousand, and 5 hi^idred forty-three miUionths. 

18. Three, and one thousand four hundred sixteen ten- 
thousandths. 

19. Nine hundred 27 million 3 hundred 64 thousand 5 
hundred, and 2 thousand 5 hundred 68 ten-million ths. 

20. Write the following as decimals: 405^; 300^*^; 
ItHttj ^''iftJJJoo ; 1002y5^|^^t5tj- ; 7 io8oo ? ^ loioo* 



SECTION n. 

BEDUCTIOJVS. 

. To Reduce Commoa Fractions to Decimals. 

1. How many times as many tenths are there in any 
number as there are units ? How many times as many 
hundredths as units ? How many times as many thou* 
sandths as units. 
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2. How many tenths in 2 ? In 7 ? In 23 ? In 407 ? 
How many hundredths in each, of the above numbers ? 

How many thousandths ? How many millionths ? 

3. How do you find how many tenths there are in any 
number of units ? How many thousandths ? How many 
ten-thousandths ? How many millionths ? 

4. How many tenths in -| ? 

Solution. — Since f is f of a unit, and there are 10 times as many 
tenths in any number as there are units, there are 10 times f , or *^ 
terUhs in {. ^ = 6 ; hence there are 6 tenths in {, or { = .6. 

5. As above reduce ^) f ; \\ |; and f to tenths, 
explaining the operation. 

6. How many hundredths are J ? 

Solution. — Since | is } of a unit, and there are 100 times as many 
lOOths as units in any number, there are 100 times f , or ^J^ hun- 
dredths in }. ^J^ = 75 ; hence there are 75 lOOths in |, or f = .75. 

7. Reduce i; i^; ■^; ^z'^ ^^^ A *^ hundredths. 

8. Eeduce the following to thousandths: i; i; f ; 1; 
^ ; -^ ; and explain as above. 

To Reduce a Common Fraction to a Decimal. 
149. Stile. — Annex O's to the numerator, and divide 
the result hy the denominator, continuing to annex O's till 
the division is exact, or until as many decimal places are 
obtained as desired. Point off as many places of decimals 
in the quotient as there have ieen O's annexed^ prefixing O's 
to the significant figures, if necessary. 

Demonstration. — One annexed multiplies a number by 10 ; two 
by 100; three by 1000, etc. (60). Hence the number of O's an- 
nexed indicates tlie denomination of the decimal, or the number of 
places there are to Be in the decimal, according to the decimal 
notation.* Dividing by the denominator is reducing the fraction to 
a whole number (of tenths, hundredths, thousandths, etc.). 

I I m « 11 ■ I . . ■' ■ ■ ■ - ■ ■ ■ ■ ■■ I n « 

* Notation meass " metliod of writing/^ s 
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9. Reduce -^ to a decimal. 



Operation. 



16 ) 100 ( .0626 
96 

40 
32 

80 
80 



Explanation. — In this case we have virtually 
annexed 4 O's, or multiplied ^ by 10000, which 
reduces it to lOOOOths. Thus ^ = ^i^^ ten- 
thousandths, or 625 ten-thousandths. This in 
the decimal notation is written .0625. 

Another Explanation. — We can explain the 
process as we go along with our work of divid- 
ing, thus : 16 is not contained in \, but one is 10 tenths. Again, 16 
is not contained in 10 so that there are no tenths in the quotient. 
Hence we write in tenths place. Now 10 tenths make 100 hun, 
dredths, and as 16 is contained in 100 6 times, we have 6 hun. 
dredths in the quotient, with 4 hundredths remaining, etc. This is 
the explanation given in Division (80). 

This process may also be explained as multiplying and dividing 
the given fraction by the same number. Thus f multiplied by 10 
is i^ = 6. This divided by 10 is .6 (91). 

Reduce the following common fractions to decimals, car- 
rying the decimal to miUionths if the division is not exact : 



0. W =z .9375. 

1. A = •24- 

2. ^ = .45. 

3. V = ^-6^5. 

4. 5i = 5.25. 

5. 16^=16.5. 

6. 103|= 103.375. 

7. i =.33333 + .* 

8. H = .923076 + . 



19. 13^^. 

20. 4oi|-. 

21. f 

22. 13f 

23. f|. 

24. 12f. 

25. If 

26. 3f 



28. 128^. 

29. 133^. 

30. f 

31. f 

33. iU. 

«^4:. •g'g-, -fy, -fyt 

35. ^. 

36. ^^, 



27. 10^. 

Wlien we are annexing O's in order to extend a decimal, if at any 
time we have a remainder which is the same as we have had before, 
the same figures wiU recur in the quotient. Such a decimal is 
called a Repeating or Circulating Decimal, or simply a Bepetend, 



* The + sign when thus need signifies that the division does not terminate. 
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A repetend is indieatcd by writing a dot over the first and last 

repeating figures ; thus .34576 means .84576576576, etc. ; 57 means 

.575757, etc. 

Principle. 

150. When reducing a common fraction to a decimal^ 
if the decimal does not terminate, the farther wc extend it 
the Clearer we approach to the value of the common frac- 
tion, 

Tlius it is easy to see that i = .3 nearly, but .33 more neaily, 
and .383 iitill more neaily, etc. When we wish to use only a few 
Itlaces of the decimal, i i the first figure of the part we would drop is 
5 or morf% it is more accurate to increase the last figure we use by 
1 ; thus instead of using .27 for .276, it is more accurate to use .28 
so instead of 8.1415 for 3.14159 + , 3.1416 is more accurate. 



151. In United States Currency, since a dime is a 
tenth C)f a dolliir, a cent a tenth of a dime^anl a mill a 
lentil of a cent, these are respectively tenths, hundredths, 
and thousandths of a dollar, and arc so written as we have 
already seen (page 70). So also we have learned that it is 
customjuy to write and read dimes, or tenths of dollars, 
with cents ; thus we read 14.75 not ** 4 dollars, 7 dimes, 
and 5 cents, but "4 dollar?, and 75 cents.'* 

Thus we arc enabled to treat fractions of a dollar, or 
cents and mills, as other decimals. 

Emmples. — Eepresent the following fractious in doci- 
maLj, that is, in cents and mills 



To Reduce Decimals to Common Fiacticns. 
•162. Rule. — Suppress the decimal pointy and under^ 
neath the numerator of the fraction as thus obtained write 
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the denominator, which i$l, tvith as many 0'« annexed as 
tf^re toere places in the decimal. Reduce the fraction 
thus obtained to its lotvest terms. 

This is simply writing what the fraction means, and is a direct 
consequence of the method of writing decimals. In fact we have 
already performed the operation (146), and only mention it here to 
refresh the memory and give a little more practical exercise. 

Express the following decimals as common fractious : 



1. ,5. 


7. 23.625 


13. 1.06. 


19. 3.75. 


2. .35. 


8. 10.3 


14 1.10. 


20. 3.075. 


3. .125. 


9. 2.4 


15. 1.07. 


21. 15.6. 


4 .375. 


10. .0025 


16. 1.08. 


22. 15.60. 


5. .25. 


11. .0005 


17. 1.125. 


23. 15.600. 


6. .75. 


12. 1.04 


18. .225 


24 1.12f 



SECTION m. 



ADDITIOJr AJ^D SU£TRACTIO^\ 

163. The rules for Addition and Subtraction of Deci- 
mal Fractions are exactly the same as for whole numbers, 
and need not be repeated. 

1. Add 715.25, 3051.039, 48, and 25.3156. 

Solution. — ^Writing the numbers so that like orders «hall fall in 
the same column, we add exactly as in whole numbers. Thus in 
the ten-thousandths column there are only 6, so we 
write it in the sum. In the thousandths column 
there are 5 and 9 which make 14 thousandths, which 
are 1 hundredth and 4 thousandths, since 10 thou- 
sandths make 1 hundredth. In like manner we 
proceed through the other orderg. 



71525 
8051.039 
4.8 
25 3156 

879<{.4046 
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Perfonn the following additions : 

2. 8. 4 5. 



715.206 


605.271 


742 


$ 86.45 


34.73 


342.156 


85.6 


$243,045 


1280.008 


83.805 


207.006 


1580.50* 


7.5643 


1.27 


84 


$ 73.00* 


187.4 


483.5 


556.38 


tlOO.40 



Accountants are required to add long columns of figures 
with rapidity and accuracy. The following are specimens. 
Let them be added with care. 



6. 


7. 


8. 


1 cts. 


% CtB. 


$ CtB. 


8.37 


.78 


673.28 


4.33 


.47 


597.84 


7.62 


.53 


3426.87 


.48 


2.75 


219.48 


.97 


1.20 


8.37 


2.50 


4.37 


167.84 


6.19 


8.29 


5986.32 


10.00 


13.85 


6749.31 


4.28 


2.00 


4863.27 


8.07 


.62 


7542.35 


4.37 


.25 


2986.28 


9.48 


1.37 


379.87 


4.21 


9.83 


2.59 


13.26 


6.75 


69.80 


1.20 


8.43 


4060.75 


.57 


20.48 


309.71 


3.08 


6.00 


124.87 


4.96 


1.00 


8520.06 


.85 


1.50 


2493.28 


4.00 


7.69 


48.75 



* In writing United States Currency, especially for addition and subtraction, it 
is cnstomary to fill vacant places of cents orders witb O^s. 
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9. From 782.19 take 325.536. 

SolutioxL — ^Writing 6o that the rarious orders of 
the subtrahend sluill fall under like orders in the ^f 4o>. 

o!<SO.OoO 

minuend, we subtract as in whole numbers. Thus, 456654 
as there arc no thousandths in the minuend from 
which to take the G thousandths of the subtrahend, we take one of 
the 9 hundredths, which makes 10 thousandths, and subtract the 6 
thousandths, obtauiing 4 thousandths for the remainder. 3 hun- 
dredths from 8 hundredths leaves 5 hundredths. As 5 tenths can- 
not be taken from 1 tenth, we take a unit from the 2, which makes 
10 tenths. This with the 1 tenth of the minuend makes 11 tenths, 
from which taking the 5 tenths there remain 6 tenths. I'hus we 
proceed through all the orders as in whole numbers. 



Sxamptes for l^raciice. 

1. 3. 3. 4. 

408.207 $23.56 $100.00 1000 

57.0583 ' $ 7.50 % 47.23 325.008 



351.1487 


$16.06 


$ 52.77 


674.992 


5. 

1765.004 
843.02 


6. 
700.584 
23. 


7. 
48 
.546 


8. 
1 
.003 



921.984 

9. From 8.1 take 3.547. 

10. From 123 take 78.256. 

1 1. From 3.46 + 10 take 5.7. 

12. From .46 take .0037. 

13. From 71.86 + 4.313 take 18.5 -i- 20.007. 

14. From 10 take one tenth. 

15. From 1 take one thousandth. 

16. From $1 subtract 15 cents. 

17. From $5.68 take $1.17. 

18. Add 7.52, 10.478, 600.5, .87 and 23. Sum, 042.368. 
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19. From the sum of 1347.63 and $20.69 take the sum 
of $100 and $57.13. 

20. From the sum of 8.7, .32, 6.08, 25, and 2.45 take 
the sum of .75, 1.25, 13, and 3.5. 



Applications. 

1. A man earned $5.27 one week, $6.52 another, and 
$7.15 another. Out of this he bought a pair of boots for 
$4.75, and a hat for $3.38. How much remained ? 

Ans.y $10.81. 

2. A fence builder laid up 20.5 rods one day, 17.02 rods 
the next, 31.25 rods the next, and 27 rods the next A 
wind blew down 52.37 rods, and so displaced 10.5 rods 
more as to make it necessary to lay it over. How much 
remained of his work ? 

3. My grocery bill for the several days of a week was 
$3.73, $1.10, $4, $2.05, $1.88, and $3. On this I paid 
during the week, at one time $2, and at another $3.50. 
How much did I still owe ? 

4. Write the following in the decimal form and then 
add them : 6}, 12^, 5|, 6|, |, |. Sum, 32.1. 

5. From the sum of |^, .25, 10, f, and 13^, subtract the 
sum of 1|, ^, 8, and 2.56. 

6. A steamer sailed in 6 successive days 305.24, 206.5, 
182.402, 343.25, 287.13, and 313.008; and a sail vessel 
starting from the same port sailed after her, making 105 
miles the 1st day, 204| the 2d, 98^ the 3d, llOj the 4th, 
212| the 5tli, and 113| the 6th. How much in advance 
was the steamer at the end of the 6 days ? 

Ans,, 792.421f. 

7. My meat bill for the 7 days of a week was, 1st day 
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$1.37, 2d day 10.88, 3d day $1, 4th day 75 cents, 5th day 
$1.25, 6th day 97 cents, 7th day $1.10. At the beginning 
of the week the market man owed me $5.00. How did 
the account stand at the close of the week ? 

8. DuriDg the week a grocer sold from a bin of potatoes 
which contained 87|^ bushels at the first, 6f, |, 17, 25 J, 
42.25, 18.5, and 31 bushels; having in the mean time 
bought and put in 2 loads of 33^, and 41.75 bushels, 
respectively. How many potatoes remained in the bin ? 

9. How much less than a thousand is 156.75, 428f> 
243.125, and 89^? 

10. From a piece of cloth containing 41f yards, I sold 
\ a yard, IJ, 8, 5.25, and 21.125 yards. What was the 
remnant ? 

11. A man's property is worth $7528 ; but he owes 
$347.50 to one man, $1000 to another, $75 J. to another, 
and %lb^ to another. How much would he be worth if his 
debts were paid ? 



SECTION IV. 

MULTIPLICATIOJ^ AJ^D DIVISIOJ^. 

Multiplication of Decimals. 

154. The process of Multiplication of Decimals is pre- 
cisely the same as that of whole numbers, the only thing 
needing farther attention being the position of the Decimal 
Point in the product. 

1. Multiply 732.53 by 37.846. 

Solution. — Multiplying the multiplicand by the parts of the mul- 
tiplier in succession, we then add the partial products as in wLola 
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782.53 
J7.845 

489518 
29.3012 
586.024 
5127.71 
21975.9 

27723.33038 



numbers. First, to multiply 792.53 by 6 thou- 
sandths, if we first multiply by 6 we have 4895.18. 
But as our multiplier was to be .006 or y^ft^ we 
have to divide this product by 1000 (130), which 
is done by removing the point 3 places to the left, 
that is, cutting off 8 more figures (86). Hence 
we have for this partial product 4.39518. Again, 
multiplying by 4 we get 2030.12. But as this 4 is 
.04, we have to divide by 100, or remove the point two placed to the 
left Hence this partial product is 29.3012. Now we notice thaticitk 
each succeeding figure to the left there will be 1 less figure to cut 
off, in order to divide by the denominator of tliat order. So if we' 
carry each partial product one place further to the left than the 
preceding it wiU bring the decimal point in it exactly under the one 
above, and hence like orders wiU stand in the same columns in the 
partial products. 

Perfonn the following, giving the reasoning in each case 
as ahoTO : 



3. 






8. 




4 


356.28 




5.2704 




.256 


175.6 




.0341 




.053 


213.768 




.00052704 




.000768 


1781.40 




.0210816 




.01280 


24939.6 




.158112 




.013568 


35628 




.17972064 






62562.768 










5. 46.702 X 


: 81.54. 




8. 


8246 X 


3.14. 


6. 1.764 X 


.0547. 




9. 


.347 X 


28. 


7. .0058 X 


.073. 




10. 


80.008 


X .0007. 



We observe from the above that the number of decimal places in 
the product is fixed by the multiplication by the lou)est order in the 
multiplier. Now this requires us to move the decimal point as 
many places to the left (of where it is in the multiplicand) as there 
are decimal places in the multiplier. 
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Principle. 
165. In Multiplication of Decimals the number of deci^ 
mals in the product must equal the number in both factors. 

Demonstration. — ^The preceding paragraph gives tJie reason for 
this principle. It may also be given thns : —Any numVer wholly or 
partly decimal may be read as so many of the lowest order men- 
tioned as are expressed by the figures regardless of the point. (For 
example 4.5 is 45 tentJis; 43.75 is 4375 hundredths, etc.) In reading 
in this way the denominator of each factor becomes 1 with as many 
O's annexed as there are decimal places in that factor. Henco the 
product of these denominators, which will be the denomu\ator of 
the product (page 143), will contain as many O's as thero are decimal 
places in both fisu^tors. Therefore the number of decimal places in 
the product equals the number in both the factors. 

11. Multiply 34.8 by 3.76 explaining tlie pointing off 
according to the last paragraph. 

Solution. 34.8 = W» ^^^ 3.76 = }Jg. Hence 84.8 

84.8 X 3.76 = W X Hi' We therefore multiply the ^'^^ 

numbers together as the numerators, disregarding the 040^ 

decimal points. This product is 130848. Now as the 1044 

denominator of the piultiplicand is 10 and that of the 130.8S 
multiplier 100, the product is thousandths. Therefore 
we point off three decimals, which is equivalent to writing 1000 vs 
a denominator. 

Sxamptes for l^ractice. 



1. 327 X .6 = 196.2. 

2. 327 X .06 = 19.62. 

3. 327 X .006 = 1.962. 

4. $375.6 X .125 = $46.95. 

5. 78.05 X 3.47. 

6. .543 X .0027. 

7. .00279 X .008 = .00002232. 

8. $48,275 X 6.421. 

9. 5832 X .05. 

10. $70.01 X .0001. 

11. 34 X .000025. 



12. 47 X 3.5. 

13. $73.6 X .0002. 

14. 56400 X .01. 

15. 150 X .1. 

16. $79 X .1. 

17. 34.76 ,\ 3.1416. 

18. 875 X .4343. 

19. $17.58 X 2.002. 

20. .8 X 1.1. 

21. 4.5 X 4.5. 

22. 3.712 X 3.712. 
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Division of Decimals. 

156» The process of Division of Deoimals is precisely 
the same as that of Division of Whole Numbers, the only 
thing needing further attention being the position of the 
Decimal Point in the Quotient. 

1. Of what operation is Division the converse?* To 
what does the Dividend correspond ? To what the Divi- 
sor and Quotient ? 

2. In Multiplication how must the number of Decimals 
in the product compare with those in the multiplier and 
multiplicand together ? Then in Division of Decimals how 
must the number of Decimals in the dividend compare 
with those in the divisor and quotient together ? 

3. Divide 988.234 by 25.87. 

Operation. 
Explanation, — Dividing as in 

whole nnmbers, the nnpointed quo- 25.87 ) 988.234 ( 382 n^pj^ted 
tient is 383. Now there are two '^761 

decimals in the divisor, and as there 212 13 

are three in the dividend, there must 



be (we in the quotient (165). Hence *i ji| 
the quotient is 38.2. 

4. Divide 25 by .005. 

Solution. — As there must be as many decimals in ^^i^ v «^ ^^^ 

the dividend as in the divisor (at least), we annex three 

0*8 as decimals, in this case. 

156 (a). Practical Suggestion.— % toriting the 
first figure in the quotient directly over the figure in the 
first subtrahend which arises from multiplying the units 
of the dividend by this figure, the decimal point in the quo- 
tient toill fall over the p)oint in the dividend. 

* The yonng learaer would eay " opposite." In mathematics one problem is 
the converse of another when what is giyen in one is required in the oth&t. 
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5. Divide 6052.74 by 4.379. 

Here we observe that the product of 
the 4 units of the divisor falls under the 
6 of the dividend ; hence we place t]ie 1 
of the quotient over the 6 of the dividend. 
Dividing, the decimal point in the divisor 
falls over the point in the dividend. 

In this case the dividend used is 
6052.740000. Hence, as there are 3 
decimals in the divisor and 6 in the 
dividend, there must be 3 in the quo- 
tient. 



1382.219 + 
4.379 ) 6052.74 
4379 

16737 
13137^ 

36004 
35032 

9720 
8758 

9620 

8758 

8620 
4379 

42410 
39411 

2999 



Principle. 

157. In Division of Decimals the number of decimals 
in the divisor and quotient together must equal the number 
in the dividend used. 



Examples for Practice. 



1. 688.1875 -^ 5.5 - 125.125. 

2. .440946 ^ .561 = .786. 

3. 242.451 -^ 1.2245 = 198. 

4. $183,375 -^ $.489 = 375. 

5. .1728 -r- 12 = .0144. 

6. 343 -f- .007 = 49000. 

7. $67.8632 ~- 32.8 = $2,069. 

8. $983 -7- 6.6 = $148,939+. 

9. 12 -f- .002 = 6000. 

10. 147.828 -f- 9.7 = 15.24. 

11. $37.4 -^ $4.5 = 8.311 + 

12. 7.85 +-3.43 = 2.2886 + . 

13. .478 ^.58 = . 824 + . 

14. .9009 ^ .4051 = 2.223 + . 

15. 2.25 4- 18 = .125. 



16. 22.36 +-4.3. 

17. $3.25 -T- $.3. 
lo. o7.9 -f- .3. 

19. $22.5 ~ .005. 

20. .001638 +- .07. 

21. .08 ~- 32. 

22. $.643 +- $1.05. 

23. .278 ~ .07. 

24. 14 -+ .7854. 

25. 3.1416 -T- 4. 

26. $8,371 -^ 500. 

27. $583.71-f-$120. 

28. 4.737 -f- 3000. 

29. 42 -r- 600. 

30. 125 -T- 25000. 
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Suggestion. — In case the divisor lias O's at its right, neglect them 
in the process of dividing, and obtain the quotient of the dividend 
divided by the significant figures. Then remove the decimal point 
to the left as many places as there have been O's neglected. This is 
the same as the corresponding case in dvoision 
of whole numbers. Thus to divide 4.737 by 8|000) 4.737 
3000, we neglect the 3 O's and divide by 3, 
obtaining the quotient 1.579. Now this True quot., .001579 
quotient is to be divided by 1000, the other factor of 3000 (89). 
This is done by removing the decimal point 3 places to the left (86). 

Perform the following : 



1.579 Quot of 

4.787-1-8 



31. 7.82 -f- 10. 

32. $540 -r- 100. 

33. .56 -r- 10, by 100. 

34. .072 -f- 900. 

35. 1800 -7- .0006. 

36. $640 -r- $8000. 



37. .05 ~ 100. 

38. 235 -^ 50. 

39. 473 ~ 2300. 

40. 5.276 -r- 11200. 

41. 30.03 -^ 710. 

42. 64 -^ .64. 



Applications. 

m 

[Note. — In these problems when common fractions occur, put them 
into the forms of decimals before performing the operation required.] 

1. What is the cost of 3J yards of cassimere at $2J per 

yard.^ 

Operation. 

$2.25 
3.75 

1225 
1575 
675 



$8.4475, or $8 and 45 cents. 
In all business operations it is customary to drop from results aU 
fractions of a cent less than \, or ,5 of a cent, and to caU all fractions 
of a cent equal to or greater than .5 an additional cent. This unU 
ahoays he done in these examples. 
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"it. What cost 14i^ cords of wood at $6J per cord ? 

Am., $97.88. 

3. Bought of the groceryman 17| pounds of sugar at 
11| cents per pound, and handed him in payment a $5 
bill ; how much change should I receive ? Arts., $2.98. 

4. How many dozen hats, at $5f each, can be bought 
for $103^ ? Ans.y 1^ dozen. 

5. Bought a case of 1 dozen pairs of boots for $112.50. 
What was that per pair ? A7is.y $9f . 

6. If a railroad train averages 23f miles an hour, in- 
cluding stops, how long will it be in running 288 miles ? 

7. If a railroad train runs 350 miles in 3 9| hours, but 
stops 3 times 20 minutes each, and 10 other times 6 min- 
utes each, what is its average rate per hour while running ? 

8. How much will it cost to fence my house lot which 
is 4 rods by 8, on two adjacent sides, if I pay $lf per foot 
for the fence, a rod being 16|^ feet ? Ans., $346.50. 

9. K a ship sails at the rate of 130.75 miles per day, in 
what time will she make a trip of 69^ miles ? 

-4/^., .53 + of a day. 



Bills of Goods. ' 

168. A Bill of Qoods is a written statement in 
proper form, which the seller gives to the buyer, specifying 
the amount and price of each article, and th3 aggregate 
value of the whole. 

The person who buys is called Debtor, and the person 
who sells is called Creditor. 

The letter @ made in this way is used in such bills for 
" at," and is followed by the price of a unit, as 1 yard, 1 
pound, 1 gallon, etc. 
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Find the amount of each of the following Bills of 
Goods. 

10. Ann Abbor, Bee. let, 1874. 

Mr. James Smith 

; Bought of Philip Bach 

16^ yds. Sheeting @ 22 cts $3.58 

7| yds. Flannel @ 62^ cts 4.84 

idoz. Hdkfs* @ 37icts. . . ... 2.25 

^ yds. Drilling @ ISf cts. ..... . .43 

Redd Pay% $11.10 

Philip Bach. 

11. Detroit, Nov. 25th, 1874. 

Mr. J. B. Angell 

Bought of S. C. Johksok 

5 Cans Oysters @ 37^ cts 

19J lbs. Turkey ® 12^ cts 

20 lbs. Kaisins @ 17^ cts. ..... . 

Re(^d Pay% 17.84 

S. C. JOHKSOK. 

12. Ann Arbor, Oct. 7th, 1874. 

Mrs. a. E. Parks 

To Cole & Tremaik, Dr.\ 

For 10 lbs. Granulated Sugar @ 11|^ cts. 

" 5 Heads Celery . . . @ 7^ cts. 

" 6i lbs. Butter . . . 

« 1 lb. Tea ... . 

« 2i lbs. Mocha Coffee . 

" lOi lbs. Codfish . . . 

Chg'd in Acct. 



@ 31} cts. 

.... $1.40 
@ 42| cts. 
@ 10| cts. 



* Hdkfs means handkerchiefs. 

t This form of Bill-head means just the same as the preceding. Mrs. Parks is 
the Debtor^ and Cole and Tremain are the Creditor, 
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When an account at a store has been runnmg some 
time, the merchant often makes a copy of it for the creditor 
npon settlement. The following is such a transcript. 
What was due on the account ? 

13. Mr. Amos White 

In Acct. with 0. H. Millek & Co. 
Dr. 
May 1st, 1874, To 10 yds. calico . . @ 8| cts, 

^^ 6 spools thread . @ 6^ cts. 
" 2} yds. sheeting . @ ITf cts. 
June 15th, 1874, To 3 yds. Oassimere @ $2^. 

« Trimmings, $1.25 .... 
Aug 21st, 1874, To 4 Table Cloths . @ $1.75 

« 3 Prs. Cotton Hose @ 28 cts. 

Or. 
Sept 1st, 1874, By Cash $2.0C 

Due $ 

Aim Arbor, Bee. Slst, 1874 



Goods Sold by the zoo or zooo. 

14. What is the amount of a bill of 5728 ft. of lumber 
at $37|^ per thousand feet ? 

Explanation. — Were we to analyze this process Operation, 

we should first find how many 1000 feet there were 51728 

by dividing 5728 by 1000, obtaining 5.728. Then, if 87^ 

1 thousand cost $371, 5.728 wiU cost 5.728 times $374. 2864 

• 4009A 

Hence we see that we have to multiply together 5728 17184 

and 37i and divide by 1000 ; but, as the order of the $214 700 

operation is immaterial, we take the most convenient 

one. Hence 

159. To find the cost of articles sold by the 1000, mul' 
tiply together the price per thousand and the number — 
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using the number or the price f(yr multiplier^ as is most 
convenient — and then cut off 3 decimals from the product^ 
or remove the deciinal point 3 places to the left. 

If the price is given per ton and the quantity in pounds, 
proceed in the same way, and divide the result by 2, since 
a ton is 2000 pounds. 

If the articles are sold by the 100, proceed in the same 
way, except that 2 instead of d figures are to be cut off as 
decimals, or the point removed "^ places to the left. 

15. What is the cost of 72568 brick, at $6.75 per M. ? ♦ 

16. What is the cost of 85670 lath, at 23 cts. per 0. ? * 

17. It is estimated that a certain public building will 
require 2 million bricks in its construction.. What will 
these cost at $6^ per M. ? 

18. I wish to put a board fence around a lot which is 10 
rods by 20 (16^ feet make a rod). I find that for 1 panel 
(length) of fence (16 feet) it will take 1 board 1 foot wide, 
which measures 16 square feet; one 8 inches wide, which 
measures lOf square feet; 4 boards each 5 inches wide, 
which together measure 26f square feet. How much will 
the boards for the whole cost at $17} per M. ? Observe 
that I shall have to pay for boards for whole panek 
They will not cut the boards for me at the lumber yard. 

Ans,, $57.04. 

19. If it takes 8750 shingles for the roof of my house, 
how much will they cost at $4.75 per M. ? 

20. What is the cost of 117800 lath at $2.50 per M.? 

21. What is the cost of a load of hay weighing 1875 lbs. 
at $12.50 per ton (2000 lbs.). 



• M. BtandB for 1000 (27), and C. for 100. 
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Operation. 

1875 
12.50 

9375 
8750 
1875 



2) 23.43750 

$11.72 

22. A fanner brought me 5 loads of hay which he had 
weighed at the public scales; they weighed 2785^ /J., 
3056| lb., 2907i lb., 3000 lb., and 3172^ lb. each, including 
the wagon which weighed 950 U. What is the value of 
the hay at $15| per ton ? 

23. What will a load of coal weighing 1725 lb. cost at 
111^ per ton ? 

24. I paid a coal dealer $9.92 for a load of coal weighing 
1725 pounds. How much was that per ton ? 

25. I paid a coal dealer $9.92 for a load of coal, at $11| 
per ton. How many pounds of coal should there have been ? 

26. What is the cost of 15500 lb. of plaster at $7.50 per 
ton? 

27. A man paid $58.12^ for a car load of plaster at $7^ 
per ton. How many pounds should there have been ? 

28. If 31000 lb. of plaster cost $116.25, what is that per 
ton? 

29. If freight from New York to Detroit is 35^ c. per 
hundred, how much will be the transportation on 6 boxes 
of goods weighing severally 347|, 158^, 527|, 250, 348^, 
aud 629| lb. 9 

30. If railroad freight on wheat from Detroit to New 
York is S7i cents per 100 pounds, what is that per bushel 
of 60 pounds ? 

31. November 25, 1874, freights by water from Milwau- 
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kee to Buffalo are quoted at 5^ c. (i. e,, b\ c. per bushel). 
What is this per 100 Ih ? 

32. Which would be better, to charter a vessel which 
would carry 1200 tons from Milwaukee to Buffalo for 
$2500, or to pay freight at the rate of 5^ c. per bushel of 
wheat ? 

33. What is the freight from Detroit to New York on a 
car load of wheat— 375 bushels— at 37^ c. per 100 lb, 9 

34. Expressage from Ann Arbor to East Saginaw is now 
%1\ per hundred. What will thifi add to the cost of butter 
per pound if I ship 6 crocks weighing in gross (t. e., crocks 
and all) 35^ lb. each, the crocks weighing 4 lb. each, and 
the return expressage to be paid on the crocks ? 

Ans.y A little more than 1-J cents. 

35. This fall (1874) freight on wheat by vessel from 
Toledo, 0., to Oswego, N. Y., is quoted at 14 c. (14 c. per 
bush). What is the freight on a schooner's cargo of 1200 
tons ? 

36. Which will cost the more, to ship 1000 bushels of 
wheat by water at 15^ cents per bushel, or by railroad at 
31i c. per 100 lb. 9 How much ? 



37. What ought eggs to be per pound when they are sell- 
ing at 18|- c. per dozen, if they average 9^ eggs to a pound ? 

38. If a compositor (one who sets type) receives 40 c. per 
1000 m's for setting, how much will h^ receive for setting 
a book of 296 pages, which measure 1576 m's to a page ? 

39. What is the amount of a bill of lumber for 25371 
ft. boards @ 137^ per M., 1483 ft. scanthng @ $18| per 
M., 21000 lath at 21 c. per C, and 7342 shingles at $6^ 
per M. ? 



CHAPTER IV. 

DENOMI NATE N U M BERS. 



SECTION I. 
Tables, 

160. An Abstract Number is a mere number; 
that is, a number not applied to any specified things. 
Thus ten, seven, 146, f, 4f, are abstract numbers. 

161. A Concrete Number is a number applied to 
some specified thing, as ten men, seven trees, 146 feet, f of 
an acre, 4f pounds, etc. 

1 62. Denominate Numbers means, literally, Namea 
Numhers; but the term is applied only to concrete num- 
bers which represent money, weight, or measure. Thus $5, 
10 lb.,* 3 gah, are denominate numbers; but 5 men, 10 
trees, 3 stones, are not. 

163. In denominate numbers the different Orders, as 
of money, weight, or measure, are called Denomina- 
tions. Thus dollars, dimes, and cents are denominations 
of money; and rods, feet, and inches are denominations of 
measure. 

164. A Compound Number consists of several 
related denominations written together, and to be read as 
one number. Thus 4 qah 2 qt. 1 pt. is a compound num- 
ber; so also is 6 mi. 25 rd. 10 ft.* 

* It is presumed that the pnpil will hare become familiar with these common 
abbreviations before he reaches tliis point in his course. 



UNITED 8TATSS COINAGE. 



VSITE3> STATES MONET. 

Present Uidted States Couw«e, 

Gold. .dffn^ Silver. 



10 d. = |1. 
$10 = 1 Eagk. 

The Trade (Mlwr 
i cdned only tat iot- 
\ga use. Silver 5- 
Bnd S-cent pieces, &nd 
pieces, tlioiigh 
use, &re not now coi nrd. 
The mill <)res 

GM coin is .9 pure gold nud 

1 alloy of silver and copper. 

min is .0 pare silver and 

Nickdcaia (Eo-called) 

and ^ nickoL JStdtis-: 

11, and line. 

;ijid dolliir weighs 33.8 gr. ; a silver trade dolliir, 420 
gr. ,' the dollar of 1878, 413^ gr. ; and the smaller silver 
pieces at the rate of 385.8 gr. 

NickeL Bronze. 

Canada Currency 
I is the same as United i 
I States, althon^b much \ 
is still made of Eng- 
lish currency. 






DENOXIXATB NUMBERS. 



ENGLISB, OR STERLING MONEY. 

166. The Denominations of 
English money are Pounds, Shil- 
lings, Pence, and FarthingB, repre- 
sented respectively by £., s., d., and 

far. 

Th« Gold Coin whose -valae \a £1, is 
called a Sovereign {ton.). Its value in Amer- 
ican gold ia $4.8665.* From tliia 
Talneandtbe following table, the 
pupil will be able to calculate 
the valae of anj English coin. 
Table. 
ifar. = ld. 
12 d. =1 s. 
20 s. = £1. 
A QviMa Is a gold coin equal to 
%\». A (ktmn is a silver coin equal 
to 5». A Florin is a 
wlver 2-shilling piece. 

1. What is the 
valne in our coin 
of an English shil- 
ling? Of a penny? 
Ofafarthing? Ola 
crown ? A guinea ? 

2. Whati8£5128. 
in dollars and cents? 

3. What English 
coin ia very nearly 
ahalf-dollar? What 
is very nearly a half- 
eagle? 

4. What is 10s. 6( 




in our coin ? What 58. lOd. ? 



FRENCH COINS. 



FRENCH COINS, 



166. The French coins most frequently mentioned in 

this country are the Franc (frank), the Napoleon, and the 
Centime {centeetn). 

The Centime Is yjo of a Franc, just as our cent is ^J, of a dollar. 
A Napoleon is a 30-fraDC gold piece. The franc Is silver, and tlie 
centime brouze. The abbreviation for franca is ft., and centimes are 
written as dedmala, thns 5 ir.17 is 5 francs and 17 centimes. 




NAPOLEON —Gold, 




1. A Franc is $.193. 
How much 18 a Cen- 
time? A Napoleon? 

3. How near is a 
5-franc piece to $1 ? 

3. The French GoW 
coins are 100, 40, 30, 
10, and 5 franc pieces. 
How much ia each 
in our coin ? 

4. The French Silver coins are 5, i 
and 50 and 25 centime (;. e., half and quarter francs) 
pieces. How much is each in our coin? 

5. The Bronze French coins are 10, 5, 2, and 1 centime 
pieces. How much is each in our coin ? 

6. l.OOOiOOO"^ are how many dollars and cents? SS^.S?? 
15^.75 ? 358" .60 ? IOO^bp- ? $S50 = how many francs? 



1 1 firanc pieces, 
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GERMAN COIX8. 
167. The Btandard 
denominations of Ger- 
man coins are The 
Mark (33.8 ce«/s), and 
The Pfennig = yir 
of a mark. 

The PrassiaD Silver Tha- 
ler (74.6 c), and the SUver 
GroKhea (%\ c), are the 



lo-MARIC— Gold. 



jet 



fre- 




quently Kferred to in this 
country, the mark and 
pfennig having been made 
the Btaudards in 18T3. 

1. The German Gold 
coins are 6 - mark, 

lO-mark, and 20-mark pieces. What is the value of each 
in our coin ? 

S. The German Silver coins are 30-pfennig, 1-mark, 
2-mark, and 5-mai'k pieces. What is the value of each in 
our coin ? 

3. The German Copper eoiuB arc 5 - pfennig, and 
10-pfennig pieces. Wliat is the value of each in our 
coin ? How many pfennigs make a cent ? 

4. If gold is worth $1^ in our paper currency, what is 
the value in currency of a hook quoted at 13.34 marks? 
At 56 pfennigs ? At 3 Th. 8 s. g:: ? At 1 Tk. 12 s. gr. ? 
At 31.54 marks ? What are hundredths of marks ? 

5. tlOO gold = how many marks? 

6. How many pfennigs make J of a dollar ? 

7. How many marks make %1 gold ? 
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MEASURES OF EXTENSION. 

168. A Point is a place without size. 

We represent points by dots on paper> or on ^^ 

our slates, but the point is to be thought of as 
just the centre of the dot. We put letters by 
the points to designate them, and so speak of 
the point A, the point B, the point C, etc., mean- A* b 

ing the centre of the dot by which the letter stands. 

169. A Line is the path of a point in motion. 

If we conceive a point at D and then D C 

as moving to some other position, as to 
C, its imaginary path is a line. So also if 
the point does not move in a straight 
line but in a curved line, as from M to 
N, its imaginary path is a line, all the same. When we draw a 
mark with a pencil to represent a line, the pencil point represents 
the point, and the mark made represents the line. A true line has 
no width, although the mark by which we represent it has. We 
may think of the line as in the centre of the mark just as we 
think of the point as in the centre of the dot. The ends of a line 
are points. A line is designated by letters placed at its ends, as the 
line DC, the line MN, etc. 

170. A Straight Line is the path of a point mov- 
ing all the time in the same direction. Generally, when 
we say ** Line " we mean a " straight line." 




171. An Angle is the opening 
between two lines which meet. The 
point where the lines meet is called y^ 
the Vertex of the angle. 

In common language we call an angle a Corner . Thus the comer 
or opening between the two lines BA and CA, is the angle BAG 
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In designating an angle we use a letter placed at the vertex, or 
three letters, one on each of the lines, with the letter which stands 
at the vertex named between them. Thus the angle above may be 
spoken of as the " angle A," or the " angle BAG." 

172. When one straight line, as 
CA, meets another, as BD, so as to 
make the angles CAB and CAD 
equal (f. e. just alike), the angles are 
called Bight Angles. . A right 
angle is a square corner. 



B 



N 



M 



O P 

C 



H 



Are the angles MON and NOP 
equal? Are they right angles ? Which 
is the larger angle (comer)? Are 
EFG and GFH equal ? Are they right 
angles ? 

173. An Acute Angle is an angle 
which is less than a right angle, and 
an Obtuse Angle is one which is 
greater than a right angle. 



An acute angle is a sharp comer, 
and an obtuse angle is a blunt comer. 
Which is the acute angle, or P ? In 
this figure there is one acute angle and 
one right angle, and there are two ob- 
tuse angles. Point them out, designa- 
ting them by the proper letter, or let- 
ters. 

174. An Angle may be conceived as produced by a line 
revolving about one of its extremities (ends). 

Thus suppose the upper line to revolve around its left-hand 
extremity, as if the two lines were two sticks fastened together at 
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one end by a hinge. Wlien the lines 
are shut together (they are nearly so 
in 1) there is no angle, or we call the 
angle 0. When the line AO has re- 
volved a little 
so as to make a 
small opening, 
as in 2, the angle 





is quite acute. As AO revolves the angle 
enlarges until it becomes a right angle as AOB 
in the figure at the left. Then as AO moves 
on the angle becomes obtuse. 



175. A space which has length and breadth but not 
thickness, is called a Surface. 

176. A Bectangle is a plane (flat) 
surface, or figure, bounded by four straight 
lines and having all its angles right an- 
gles. A is a rectangle. 

177. A Square is a rectangle having all 
its sides equal each to each. B is a square. 





178. A Solid, or Body, is a space having length, 
breadth and thickness. 

179. A Parallelopiped is a solid, 
or space, bounded by six rectangles, and 
having all its angles right angles. C 
represents a parallelopiped. 

180. A Cube is a parallelopiped hav- 
ing all its faces (sides) squares. D repre- 
sents a cube. A cube each of whose edges 
is 1 inch; is a Oubic Inch; one whose edges 
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are each 1 foot^ is a Cuiic Foot ; one whose edges are each 
1 yard, a Cubic Yard, etc. 



181. A Line, or Distance, is measured by another line 
or distance. 

Thus tlie line AB maybe i n \ i \ i i B 
measured by the line m. If . m. 

m is 1 the line AB is 5, since 
it contains m 5 times, i. «. AB is 5 times as long as m. 

182. The lines or distances commonly used in measur- 
ing length, or distance, are an Inch, a Foot, a Yard, a Rod, 
and a, Mile. 

The line A is an inch. A foot is 12 times A 

as long. A yard is 3 times as long as a foot. 

A rod is 5^ times as long as a yard. A mile is 320 rods. 

183. A Surface is measured by another surface, — 
usually by a square. The Area of a surface is the 
number of times it contains the measure. 

Thus the surface A may be measfired by the sur- . 

face m. If m is 1, we readily see that A is 15, for A 
is 15 times as large as m; t. e., if we were to cut out 
15 pieces of paper like m,it would take 15 of them to 
cover the figure A, Therefore the area of A is 15, if LJ"* 

m is the measure. 

184. The surfaces commonly used for measuring sur- 
face are the Square Inch, Square Foot, Square Yard, 
Square Rod, Square Mile, and the Acre. 

The whole square on page 200 is a square inch. A square foot is 
a square each of whose sides is 1 foot long. A square yard is a 
square 1 yard on a side. A square rod is a square 1 rod on a side. 
A square mile is a square 1 mile on a side. An acre is 100 square 
rods ; it haji no corresponding measure of length. 
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Principle I. 

185. The Area of a Rectangle is the product of 
its length by its width.* 

niustration. — If surface A is 7 long and 5 
wide ; and m, the measure, is 1 on a side, we 
can apply 7 of the measures along one side of 
the surface, as from B to C, making a row of 
7 measures. Now we can apply the measure 
so as to make as many such rows as there are 
units in the width — in this case 5 ; and 5 times 7 measures {m) make 
35 measures. Hence the area of A is 35, m being the measure. 

1. A square foot is 12 inches 
on a side. How many square 
inches in a square foot ? 

2. A square yard is 3 feet on 
a side. Haw many square feet 
in a square yard ? 

3. Show that there are 30J 
square yards, or 272J square 
feet in a square rod. 

4. Show that there are 102400 square rods in a square 
mile. 160 square rods make an acre. How many acres in 
a square mile? 

186. A Solid 
is measured by 
another solid — usu- 
ally by a cube. The 
Volume, or Con- 
tents, of a solid 
is the ^ number of 
times it contains 
the measure. 
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• With Bome grades of pupils it will be well for the teacher to Introduce th« 
terms Bast and AMtud^. 
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Thus the solid S may be measured bj means of the cube m. If 
9» is 1 we readily see that S is 210, for S is 210 times as large as m ; 
t. e. if we were to make a pile as large as S of such blocks as m, it 
Would take 210 such as m to make it. 

Principle II. 

187. Tlie Volume of a Parallelopiped is the pro- 
duct of its three dimensions^ that is, of its lengthy breadth, 
and thickness. 

lUustraUon.— If solid S (186) is 7 long, 5 wide, and 6 high; 
and m, the measure, is a cube 1 on each edge, we can place 5 of the 
measures along one side of the bottom (base) of the parallelopiped 
S, as from A to B, and 7 such rows will cover the base. Thus it 
takes 7 X 5 of the measures to cover the base 1 d^&p. Then, as the 
parallelopiped is 6 high, it will take ^ tntdi layers, or 7 x 5 x 6, to fill 
the whole space. Hence the volume of the parallelepiped S is 
7 X 5 X 6, or 210, m being the measure. 

1. How many cubic feet in a 
cubic yard ? 

2. How many cubic feet in 
a parallelopiped 8 feet long, 
4 feet wide, and 4 feet high ? 
This is called a Cord of wood. 

Ans., 128. 

3. How many cubic inches 
in a cubic foot ? 

188. Abbreviations, — tw. stands for inch or inches, 
ft. for foot or feet, yd. for yard or yards, rd. for rod or 
rods, mi. for mile or miles, sq. for square, cu. for cubic, A^ 
for acre, cd. for cord* 
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189. Tables. 

Loi^G Meabube. Squabe Measube. Cubic Measttbb. 

12 in. = 1 ^. .' * 144 9q. in. = 1 sq.ft., and 1728 eu. i».= 1 cu ft. 
3ft. = 1 yd. .\ 9 8q.ft.=X8q, yd., and 27 eu.ft.:=l cw. 
5i yd. = 1 rd. .; SOJ «g. yd. = l8q. rd. 128 cw.^. = 1 ctf . 

320rd[. = 1 wii. ieO«g. rd. = 1 X 

640 ^. z=l8q.mi. 



190. Cloth, ribbons, laces, etc., are sold by the yard 
in length, irrespective of the width, the differing widths 
being considered in fixing the price. For snch measure- 
ments the yard is divided into halves, quarters, and 
efghths. 

Ex. How many inches is a half a yard ? How many in 
a quarter ? An eighth ? A sixteenth ? 

191. For measuring land, Surveyors use a Chain 4 x'ods 
long, and made of 100 links of equal length. 

1. How many feet in 4 rods? How many inches in 66 
feet ? Then how long is 1 link of the Surveyor's chain ? 

2. How many rods in a mile ? Then how many chains 
in a mile ? 

192. The Public Lands of the United States which 
have been surveyed during the present century have been 
laid out in Townships, which are squares 6 miles on a 
side. These are divided in what are called Sections. A 
Section is a Square Mile. 

1. How many sections in a Township ? 

2. How many acres in a section ? In a half-section ? 
A quarter-section ? An eighth of a section ? 

* This sign .*. means '■'■ therefore/^ The teacher should be sqre that the pnpil 
sees the connection, and dependence of these tables. 
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3. What part of a section is 320 acres? 240? 160 ? 
120? 80? 40? 

4. How many 80 acre lots in a sec- 
tion? A half-section? A quarter- 
section ? 

5. This figure represents the way 
in which a section is usually divided. 
How long and how wide is a quarter- 
section, or 160 A. ? 80 A? 40 A.? 

[See Appendix for the method of our Public Land Sairveys.] 




193* In measuring boards the surface measure alone is 
considered unless the board is moio than an inch thick. 

1. How many inches in length is a board 10 ft long? 
If such a board is 8 inches wide, how many square inches 
in it ? Then how many square feet ? 

Suggestion. — Observe that we have ^^ ^tW ^ ^ * which by can- 
ceUation becomes ^, or 6|. 

Why do we multiply the 10 by 12? Why this product by 8? 
Why divide by 144 1 

2. How many square feet in 6 boards each 14 ft, long 
and 15 in. wide ? 

SuggesUon.-We have i* ^ I9^x^i6x6 _ n^tt x^ 

Why is it that in measuring boards we may multiply 
the lert{/th in feet by the wihth in iircHES, and divide the 
product by 12 to get the square feet? 

3. How many square feet in a load of boards in which 
there are 10 boards 12 ft, long and 10 in, wide, 8 boards 
16 /if. long and 8 in. wide, 20 boards 14//. long and 10 in. 

'Wide? How much would this load amount to at 132 
per M. ? A ns.^ $13. 40. 
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When the lumber is 1} in, thick, ^ is to be added to the superfi- 
cial measure ; when Ij^ in, thick, ^ is to be added ; when 2 in. thick, 
the superficial measure is to be doubled. Why? 

4. How many feet of boards in a load consisting of 30 
pieces of l^in. stuff, l%ft long 6 in. wide; 40 pieces of 
1^ in. stuff, 10 ft. long and 9 in. wide ; and 20 bolts of 
"siding" (1^ in. stuff) 12 ft. long and 5 in. wide, with 6 
pieces in each bolt ? Ans.y 1,275 feet. 

Lumber is sometimes sawed so that the boards are an inch or two 
wider at one end than at the other. In such cases the width is 
measured in the middle. 

5. How much flooring 1^ in. thick will it take for the 
floors of 10 rooms, 2 being 18 x 15 ft. (18 ft. by 15 //.) 
each, 2 15 X 12 ft. each, 1 12 x 16 ft., 1 12 x 12 ft, % 
10 X 12 ft. each, and 2 10 x 10 feet ? How much will it 
cost at $32 per M. ? Answer to last, 167.04. 

6. Wall paper is usually 18 inches wide, and 8 yards 
make a roll. How many rolls must we buy to paper a room 
16 X l^ft. whose walls are 10 ft. high, no allowance being 
made for doors and windows ? What will it cost at 40 c. 
per roll if an allowance of J be made for doors and win- 
dows ? 

Suggestion. — How far is it around the room ? How many widths 
of paper will it take to go around ? It is 68 ft. around the room, 
and as the paper is IJ ft. wide, it will take 68 -¥■ 1 J strips, that is, 
45 whole strips and \ of the width of a strip. Hence we shall have 
to buy 46 strips of 10 feet each, or 460 feet. Now there are 24 ft. 
in a roll ; hence we must buy 460 -J- 24, or IQJ rolls. As they do 
not usually cut rolls, we shall have to buy 20 rolls. 

7. How many rolls of wall paper must we buy to paper 
2 rooms, one 12 x 16 /if. and the other 15 x 18, each 10//. 
high, there being 7 doors and windows in one room, and 6 
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in the other, each of which is 3^//. wide: it being under- 
stood that the- strips are not to be pieced, but that the 
4 ft. which each roll will oyerrun will piece out above the 
doors and windows ? What will the papering cost at 60 c. 
per roll for the paper and 20 cents per roll for putting it 
on, to which must be added bordering at 15 c. per yard, 
and 20 c. for putting on every 8 yds* of bordering ? 

We sball have to buy wJude roUs, and shaU be charged for pat- 
ting on a fraction of a roll, as for a whole roll. 

Ans., $27.90. 

8. My house lot is a comer lot 4 rods by 8. What will 
the lumber cost for a 2 in, plank walk, 6 ft. wide, at $18 
per Jf., with 3 by 4 in. scantling for stringers, the 
stringers to be laid crosswise and so that each 12 ft. plank 
shall rest on 4 stringers, the scantling costing $12 
per M. 

9. Carpenters often charge by the square 10 by 10 ft, 
for laying floors, ceiling, roofing, etc. What will the 
flooring of 4 rooms with IJ in. plank cost, at $20 per Jf. 
for the plank, 75 c. per square for laying, and 20 lbs. of 
nails at 5 c. per lb., the rooms measuring respectively 
18 ft. square, 15 by 18 ft., 12 by 15 ft., and 16 ft. 
square ? 

10. Mr. A. owned 100 acres of land lying in the 
form of a rectangle. It extended J of a mile on the 
road; what part of a mile did it extend back from 
the road ? 

11. What is the difference between 10 rods square and 
10 square rods? 

12. How many bricks (a brick is 2 x 4 x 8 m.) laid 
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oa the, side will it take to pave a cellar, 15 x 1% ft. 
on the bottom ? How many if laid on the edge ? 

13, How many tiles 6 in. square will lay a floor 
20x36 /if.? 

14 What is the cost of plastering a room 20 x 24/^. 
and 10^^ ft. high, including the ceiling, at 25 c. per 
square yard, there being 3 doors "^^ ft. high, and ^ft. 
9 in. wide, and 4 windows 6 ft. high and 3^ ft. 
wide ? 

15. How many yards of cloth 27 in. wide will it take 
to line 12 yds. 1} yd. wide ? 

16. How much does it cost* to carpet a room 16 ft. 
by 20 /if. with carpet f yd wide, costing $1.60 per yd.^ 
allowing a half-length strip to piece the width and 4 in. 
waste on each strip in cutting ? 

17. How many acres of land in each of the following 
pieces : 

200 rods by i a mile ? 
1200/if. by60rods? 
208. 7 /if. square? 



18. In surveyor's measure 80 chains make a mile. How 
many square chains in a square mile ? 

19. A piece of land 20 chains square contains how 
many acres ? How many square rods in a square 
chain ? 

20. How many square chains in an acre? How 
many acres in a piece of land 7 chains wide and 
12 chains long? 
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21. How does this figure show 
that the area of the triangle ABC 
is the same as the area of a rect- 
angle, FBCE, having the same 
base BG and \ the altitude AD P 

22. How does this figure show 
that the area of the triangle 
ABO is the same as the area of a 
rectangle, FBCE, having the 
same base BG and ^ the altitude 
AD? 

Cut two triangles of the above forms from card-board. Then cut 
the triangles In the heavy lines and place the pieces together so as 
to make the rectangles. 

23. What is the area in acres of a triangular piece of 
ground whose base is 7.52 ch. and altitude 6.32 ch, ? 

Ans.y 2-4.-f. 

194. Sea Depths are measured in Fathoms. A 
Fathom is 6 feet. 

1. How many feet in a mile ? How many fathoms in 
a mile ? In 3 miles ? 

2. At a certain place the sea was reported as 900 
fathoms deep. How much more than a mile deep 
was it ? 

3. How many miles in depth is that place in the 
Atlantic Ocean which is reported as 2640 fathoms 
deep ? 

4. In our Western forest many of the trees are 100 feei 
high. How many fathoms deep would a lake be which 
would submerge these standing forests ? 



MSASITSES OF EXTENSION. 




■j^^-tsTa^iia^iSM 



1. How many cubic feet in a pile of 1 foot wood (tliat 
is, sticks of wood 4 feet long) piled as in the picture, the 
pile being 33 feet long and 5 feet high ? How many 
cords? 

3. How many cords of wood in a pOe of 4 foot wood 130 
/?. long and 6/(. high? 

Soggeition. — A conTenleut way to solve such an example is this 



The pupil should give the reasoDS (or tluH process. 

3. How many coi'ds in a pile of 6//. wood 148 feet long 
and 8 feet high ? Ans., 55}. 

4. How many cords in a pile of wood 36 ft. long, 4 ft. 
wide, and 4 ft. high ? When wood ia piled in this way 
how many feet in length of the pile does it take to make a 
cord? 

5. Why does *-J^ give the iinmber of cords in a pile of 
ift. wood, 4 ft. high, and 260//. long? 

6. How many cords in three piles of 4 ft. wood, the first 
36/f. long and 4 ft. high, the second 43 //. long and bft. 
high, and the third 30//. long and Qft. high? 

Qnery.— Wliy, In BHtimating the nuiaber of cords in a pile of ift. 
wood, is it only necesBary to multiply the length by the height, and 
*Tideby4 x 8, or 82t 
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1, How many eorda in a pilo of 4/f. wood SiOO /(. long 
and 7 /(. high ? How maoy if the wood be 3 feet long? 
If 2//. long? How many in each ca36 if the pile be 6/f. 
high? 5 /f. high? 8 /i. high? 




8. How much wood in a load consisting of 3 lengths of 
4 foot wood, the load being 3 ft. % in. wide, and 2 ft. 6 in. 
high? 

SnggBition. — Since 3in. = ^ = ^of a foot, ftnd 6 in. = ^ a foot, 
tbiH load Ih equivalent tn a pile 9^ ft. long end 3^ higb. Hence we 

have * I* — . — Y—7i — w^. OT " cubic foot leea than J of a cord. 

4x0 4x4xH liii 
'rff, cu. ft. are J of a cord.) 

9. How much wood in a load conaisting of 3 lengths of 

i ft. wood, the load being 3 //. wide and 3 ft. 8 in. high ? 

»x3! 9x8 8 
Suggestion. -^=j-^-=^. 

Note.— Wood-racks are eometimes narrower at the bottom than 
at the top, and hence the width of the load should be measured 
hall waj up, aa this g^ves the aveToge width. 

10. How mnch wood in a load conaiating of 2 lengths of 
4 fi, wood, the average width of the load being 8 fl, 9 in. 
and the height 3 fl. ? Ans., ^ cd. and 2 cu. ft. 

11. How many cubic yards in a ditch J tni. long, and 
which averagca 3/t. deep and ift. wide ? 
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12. At 20 c. per cubic yard what does it cost to excavate 
a cellar 20 ft. by 30 /jf., and ^ft. deep ? 

13. At 30 c. per cubic foot what cost a stick of timber 
15 j^ in. square and %Oft. long ? 

14. What is the cost of digging a trench 660 ft long, 
^ift wide at top and lift wide at bottom, and averag- 
ing Sift, deep, at 25 c. per cu. yd.^ 

The average width \&%ft. 

15. The cross Section of a certain E. R tunnel is 
525 sq. /j?., and the length of the tunnel | of a mile. 
How many cubic yards were removed in the exca- 
vation ? 

16. How many cubic feet in 3 sticks of timber which 
measure respectively 4x6 in. and l^ft. long, 8 x 10 in. 
and 16 ft. long, 1ft. square and 20 ft. long? 

17. How much will the brick cost, at $5.25 per Jf., 
for a building with main part 40 ft. front and 32 ft. 
deep, and walls 26 ft. high, with a rear part 20 ft. 
wide and^30 ft. deep, and walls 20 ft. high; all the 
walls 17 inches thick (including mortar), \ being allowed 
for mortar, also there being 1 doorway 6 ft. wide 
and 8 ft. high, 5 doorways 3i^ ft. wide and 7 ft. high, 
22 windows 3 ft. wide and 6^ ft. high, and 13 windows 
dft wide and b^ft high ? 

18. What is the diflference between a cube Zft. on an 
edge, and 3 cubic feet ? 

19. How many tons (2000 lb. each) of ice can be 
packed in an ice-house 50 ft. long, 20 ft. wide, and 
12 ft. high, a cubic foot of ice weighing 58.125 lb. ? 
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20. In a room 125 /if. by 90 ft, with ceiling 30 /iJ. high, 
and seating 2500 persons, how soon will the air hare been 
all breathed, allowing 10 cu. ft, per minute for each 
person ? 

21. Milwaukee 'bricks are 8|^ x 4J^ x 2| in. If it takes 

40,000 common bricks for a particular structure, how 

•Ik *. 

manjt Milwaukee bricks will it take ? 

22. Philadelphia and Baltimore bricks are 8 J x 4^ x 
2J in. How many such bricks would be required for the 
house in Ex. 21 ? 

196. Doyle's Bule for calculating the amount of 
square-eclged inch boards which can be sawed from a 
round log is this : From the diameter in inches subtract 
i; the square of the remainder will be the number of 
square feet of inch boards yielded by a log 16 ft in 
length.* 

The yield of logs of the same diameter is in the ratio of their 
lengths. The log is scaled, i. e.y its diameter is meastired at the 
top end. 

1. What is the board measure of a log 16 ft, long 
and 18 in. in diameter? One 20 in, in diameter? 
30 in, ? 

2. What is the board measure of a log 12 /i?. long and 
2 ft, in diameter ? 31 in, ? 40 in, ? 37 in, ? 

* Thiet rnle, so admirable id ite simplicity,, is the foundation of the table 
in Scribner*8 popular Lumber and Log Book^ which is said to have a lariprer sale 
than an other books of the kind together, and is a generally rec<^ni2ed 
standard among lumbermen. Nevertheless, in a scientific point of view, the 
rule is but a rude approximation. See the Author^s Scixmcb of Abithxxtjc, 
p.2T7. 
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3. What is the board measure of a log 18 ft. long 
and 36 in, in diameter ? Of one 15 ft. long ? 10 ft. ? 
20/^.? 

MEASURES OF CAPACITY. 

196. The Capacity of a vessel is the amount which 
it contains— its contents (186). 

There are two varieties of measures of capacity in 
common use, viz.. Liquid Measure and Dry Measure. 

197. Liquid Measure is used in measuring liquids 
or in estimating the capacity of vessels designed to 
contain liquids, as water, milk, oil, molasses, alcohol, 
etc. The Denominations, or measures, are gills (gi,), 
pints {pt ), quarts (qt.), gallons (gal), and barrels 
(bil). 

198. Dry Measure is used in measuring grain, 
seeds, fruit, etc., or in estimating the capacity of vessels 
designed to contain such articles. The Denominations 
are pints (pt,), quarts (qf.), pecks (pJc.), and bushels 
(bu.). 

199. The denominations of like name in these two 
measures do not represent the same amounts. The 
Dry pint and quart are about 4 larger than the 
Liquid pint and quart; or more exactly, the Dry quart 
contains 67.2 cubic inches, and the Liquid quart 57.75 
cubic inches. 

Illustration.— These two figures 
represent boxes each of which is 4 
inches square on the bottom; but 
the Dry quart is 4.2 inches deep 
while the liquid 'quart is but 8.61 
inches deep. 
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1. 4 quarts make a gallon. How many cubic inches 
make a gallon ? 

2. 8 quarts make a peck and 4 pecks make a bushel. 
How many cubic inches in a bushel ? 

3. Which is the more, 1^ cu.ft or 1 J«. f 

Ans.y The difference is less than \pt (f). 

200. Tables. * 

Liquid Measubb. Dry Measube. 

4 gi, = IpU 

% pt = I qt. 2 pt. = 1 qt. 

4 qf. = I gal 8 qts. = 1 ph, or 2 gcU. 

dligal = 1 bbl* 4^*. = 1 bu. 

Physicians and Apothecaries use a kind of liquid measure ol 
which the denominations are Minims (TTl.), Fluid Drachms (f 3 ), 
Fluid Ounces (f 5 ), Pints, and GaUons, The pint and gallon are 
vhe same as the common Liquid Pint and OaUoni but are designated 
bj the abbreviations (O.) (Latin octarius, pint), and Cong. (Latin 
eongvtts, gaUon). eoni = If 3 , 8f 3 =lf 1, and 16 f | =1 (0.). 

Physicians in making prescriptions frequently call a minim a 
drop, a fluid drachm a tea^poonful, 4 fluid drachms a tablespoonful, a 
fluid ounce 2 taMespoonfuis, 4 fluid oances a teacupfuJ, and a pint 4 
tedcupfuls.j 

1. How many pints in a gallon? In 5 gallons ? 7 gal- 
lons ? A barrel ? 

2. How many quarts in a barrel ? In 5 bbl ? In 
4 bbl ? 

* Barrel? are made of various Bizes firom 80 to 40 or even 66 gallODB ; but in 
estimating the capacity of cisterns, rats, etc., 31| gal. is usually considered a 
barrel. There is no definite measure in use called a hogshead. Any large cask 
is frequently so called. 

t These measures are very indefinite, and in fhct are much in excess of what 
they are called. Thus a drop of most liquids is much more than a minim. A 
common teaspoon holds nearer 90 than 60 drops of water, and we more ft«quently 
find teacups that hold i a pint than a gill. 
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3. How many pints in 20 gi. ? In 16 gi. ? 

4. How many quarts in 128 pt ? Then how many gal» 
Ions in 128;?^.? 

6. How many barrels in 78,506 gal, ? In 250,082 gal. ? 
In 856.47 gal ? Answer to one, 7939.11 + . 

6. How many gallons in 412,578 qt. ? Then how many 
barrels ? * 

7. How many barrels in 642,800 qt.? In 500,000 qt. ? 
In 1,000,000 pt ? Answer to last, 3968.25 + . 

8. How many cubic feet in rectangular (square-cornered) 
box 3 ft. long 3 ft. wide and 2 ft. high ? How many cubic 
inches? Then how many gallons? How many barrels ? 

Anstoer to last, A little more than 4^. 

9. How many barrels in a rectangular box 5 ft. by 3 ft.* 
and 4 ft. high ? How many bushels ? 

Hoxu — ^In finding how many basliels a vessel contains it is 



convenient to observe that J,W^^ = tt-^' Hence in this case 

5x8x4x1 Tgg _ 6x8x4x9 _ 8x3x9 _ 40 9 1 
81804 — 118 ~ 8-8 — »o.-o-|-. 

10. A box which would hold a cord of wood would hold 
how many bushels of wheat? How many barrels of 
water? Ans., 102.85 -f bu., or 30.4 bhl. nearly. 

11. How many bushels in a barrel of 31^ gallons. 

Ans., 3.4 nearly. 

12. It is customary to heap the measure in measuring 
apples, potatoes, com in the ear, ashes, and some other 
substances, so that about 5 pecks are sold as a bushel. 
According to this method of measuring, how many bushels 
does a barrel of 31^ gal contain. Ans., 2J nearly. 

c 
^^1 ^ »■■■ I I ■ — - - ■ — ■■ . . ■ ■ ^i 

^ The fAzo Qt 9 rectangle Ib tbuB czpreesed. 
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13. How many bushels of wheat does a rectsngnlat bin 
fi //. by 5 ft. and 5 ft. deep contain ? How many of 
potatoes ? 

Answer, 100.44 + of wheat, and | of 100.44 + or 80.35 + 
of potatoes. 

14. According to the note nnder the table, how many 
drops make a teaspoonful ? How many teaspoonfiilB make 
a teacupfiil ? (See note at the bottom of page 310.) 

15. A man sold me 33 quarts which he called a bushel 
of strawberrieB ; but he measured them in a liquid quart 
measure instead of a dry quart measure. What part of a 
bushel did I get? How many liquid quarts should he 
have given me ? 



16. I have a eiatem the bottom of which is a circle 6_/i. 
across (i. e. in diameter), and 6 ft. deep, the sides being 
perpendicular. How many gallons of water does it con- 
tain ? How many barrels ? 

Note. — It ia found out In Qeometrj that if a cir- 
cle is enclosed b7 a sqtiare, as in the flgnre, the 
area of tlie circle is .7861 of the area of the square. 

20 1 . Ta obtain the area of a cirds multiply 
the diameter (diitance aeroti it) hy Utelf, and this 
product by .7884. 

And to obtain the volume of a cylinder (such a body 
at the eiOem) multiply the area of the baaa (bottom) 
by the height. 

Solution of Ex. 16. « " « ^ « 'gVi** " ^^' ~ 
= 1239.043 +. Hence the dateru contaiua a little 
more than 1269 gal., or 40;^ bU. nearly. 

17. How many barrels does a cylindrical cistern contain 
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the diameter being Sft, and the depth 8/^. ? One whose 
diameter is 12 ft. and depth 10 ft. ? 

8 X 8 X 8 X .7864 x 1728 



For the first we have 



281 X sii 



MEASURES OF WEIGHT. 

202* There are Three Varieties of measures of weight ; 
riz., Avoirdupois * Weight, Troy f Weight, and Apotheca- 
ries Weight. 

203. Avoirdupois Weight is the common weight 
used by grocers, and for most ordinary purposes. The 
denominations are Ounces {oz.), Pouiids (lb.), Hundred 
Weight {cwU), and Tons {T). 

204. Troy Weight is the weight used for weighing 
gold, silver, and precious stones, and in philosophical ex- 
periments. The denominations are Grains (gr,), Penny- 
weights (pwt.), Ounces (oz.), and Founds (lb.). 

205. Apothecaries Weight is used in medical pre- 
scriptions. The denominations are Grains (gr.), Scruples 
(3), Drams ( 3 ), Ounces ( ? ), and Founds (lb.). Drugs 
and- medicines are bought and sold in the quantity by 
Avoirdupois Weight. 

PhysiciaDS in writing prescriptions use the Roman Notation (26) 
to designate the number of grains, scruples, drams, or' ounces, and 
write them after the symbol. In writing thus, a final i is written j ; 
thus gr. vj is G grains, Bij is 2 scruples^ Siij is 8 drams, § iv is 4 
ounces, etc. 

In wholesale transactions in coal and iron, and in the U. S. Cus- 
tom Houses, 118 lb. are called a cwt. ; hence 28 ^. is a Quarter (of 
a cwt.\ and 2240 tb. make a T<m. This is sometimes caUed the Long 
Ton. 

* From three French words avoir du poida, meaning ** to have weight*^ 
t From Troues in France, whence this weight came into use. 
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Tables. 

206* AYOmDUFOIB WEIQHt. 

16 oz. = 1 lb. 
100 lb. = 1 cwt. 
20 cwt. = 1 r. 

Troy Weight. Apothecabibs Weight. 

24 gr. = Ipiot \ T %0 gr. = 1 scy or 3. 

I J 3 3 = 1 t?r., or 3 . 

20 2)wL = loz. ) [83=1 oz., or ^ . 

12 oz. = 1 lb., or ft)- 

Table showing the Weight of a Bushel of the principal grains 
and seeds, as established by Law in the several States. 



Mich., Minn., Or., Wis. 42 lb. ; la., HI., Ky., Mo. 6S lb. ; IncL, N. C, 



wSeaJ < N.J.60». 



Ma8s.,yt.46 2&.; N. Y., Pa. 43 A. ; Conn. 45 2&. 

/111. Tnil.. L 
Clover 



LI., Ind., la., Ky., Mich., Minn., Mo,, N. Y., Ohio, Or., W. T,, 



-^ J i ™' ^°^' ^-^ Ky., Mich., Minn., Mo., N. C, N. J,, Ohio, Wig. 48 lb. 
"*"*^' i Mass., Or., Vt. 48«. ; W. T. 46». ; La. 82». ; Pa. 47 ». ; Cal. 60». 

(Mich., Mil 

•j K.J. 8 

' iCal.40lb.; 

(HI., Ind., lA., 

SeVd.M Wis. 60 » 
( N. J. 64 ». 

( Conn., Del., Ind., la., HI., Ky., La., Maes., Mich., Minn., N. J., 

cSri" *! ^^^^^ ^^-> ^^ ^*-» W- '^•' W*"- ®® *• 
' (Cal.,Mo. 58».; N. C.64».; N.Y.58». 

i Cal., HI., Ind., La., Mich., Minn., K. Y., Ohio, Pa., Vt., Wis., 32 lb, 
Oats, i Me., Mass., N. C, N. H., N. J. 86 /&. ; la., Mo. 96 lb.; W. T. 86 /». ; 
( Conn. 28^.; Ky. 100 ^. to 8 ^. 

( Conn., Ind., la., HL, Ky., Mass., Mich., Minn., Mo., N. J., N. Y., 
Rye. -{ Ohio, Or., Pa., Vt., W. T., Wis. 56 lb. 
(Cal. 64^.; La.SS». 

Timothjr j HI., Ind., la., Ky., Mo. 45 lb. 
Seed. I N. Y. 44 ». ; Wis. 46 lb. 

Wheat. I 60 lb. in all except Conn. In Conn. 66 lb. 

Peas, Beans, and Potatoes are usually weighed at 60 ^. to the bushel 

196 lb. Flour make a barrel SOO lb. Pork or Serf make a barrel 

1. How many ounces in ^ lb. of butter? In J lb. f In 
j^ lb. ef gold ? In ^ ?J. of silver ? 
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2. On the common grocer's scales what part of a pound 
Sa^ozJ 4:0zJ 12 oz.f 

3. How many oz. in 5 Ih. of sugar? In 5 lb. of gold? 
4 How much does a barrel of water weigh, if 1 pL 

weighs 1 lb.? How much a gallon ? 

5. In a certain hay field there were 1250 heaps which 
would average 85 lb. each. How many tons in the field ? 

6. How many barrels of pork will be cut from 120 hogs 
which average 175 lb. each ? Ans., 105 bbls. 

7. How many barrels of flour will be made from 2160 
hi. of wheat, if it yield 40 lb. to the bushel ? 

8. How many scruples in 10 drams ? How many grains 
in 3vij? In 3v? In §iij? 

9. In gr, xxxij how many scruples ? 

10. A man ordered a 3 oz. gold watch-case ; but when 
it came it weighed only 57 pwt. How much did it fell 
short of the required weight ? 

11. How much will a gold watch-case weighing 2| oz. 
cost, at $0.90 jier piot. and $20 for making? 

12. In Michigan, how many bushels of wheat in a ton ? 
How many in Minnesota ? In Iowa ? In Connecticut ? 

13. How many bushels of barley in a ton in Illinois ? 
In Kentucky ? In California ? 

14 What cost 15 lb. 12 oz. of butter at 32c. per lb.? 
7 lb. 8 oz. ? 10 lb. 7 oz. ? How much is the butter per oz. ? 

207. The denominations of like name in Troy and 
Apothecaries weights are the same, but the Avoirdupois 
pound is heavier, whereas the ounce is lighter, than the 
pound and ounce of the other weights. The Troy pound 
is 22.79 cu. in, of water, and the Avoirdupois pound is ^H 
times as much, or 27.69 cu. in. of water. A pint of water 
(28^ cu. in.) is a little more than 1 lb. Avoirdupois. 
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The only difference between the Troy and the Apothecaries tablee 
is in the subdivision of the ounce. In Troy weight there are two 
subdivisions — pennyweights and grains — whereas in Apothecaries 
there are 3 — drams, scruples, and grains ; but in each, 480 grains 
make an ounce. 7000 Troy grains are equal to a pound Avoirdupois. 

15. How many grains are equal to an ounce Avoirdu- 
pois ? How many to an ounce Troy or Apothecaries ? 

A Troy ounce is about 1^ as heavy as an Avoirdupois ounce. 



MEASURES OF TIME. 

208. The denominations of time are Seconds (sec.). 
Minutes {min.), Hours {Jir.)y Days (do.), Weeks {wk,)^ 
Months (w20.), Years {yr.), and Centuries (Cen.), 

209. Table. 

60 sec, = 1 min. 
60 min.=^ 1 hr. 



24 hr. = 1 da. 

7 da. =1 wk. 

365 da. =■ 1 common yr. 

366 da. = 1 Leap yr. 
100 yr. =1 Cen. 



In Computing Interest, 80 da, = 
1 mo. For many purposes 4 tdk. 
are called a month 

Of the 12 Calendar Months 
which make up the year, Sep- 
tember, April, June, and Novem- 
ber have 30 da. each. All the 
others except February have 31 da. 

each. In common years February has 28 da., in Leap Year 29 da. 

What two exceptions are there to the law that each alternate 

month has 31 days? 

210. Every year whose number is divisible by 4, except 
the centennial years which are not divisible by 400, is a 
Leap Year. 

Thus 1840, 1844, 1880, 1876, 1600, 1200, 2000, are leap years. 
1551, 1842, 1883, 1500, 1100, 1900 are not leap years. 

The reason for Leap Tear is this : A year is the time it takes the 
earth to go around the Son. But this is a little more than 865 days. 
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Instead of reckoning this part of a day, it is neglected^ and a whole 
day is added to the year every 4th year (in general). But as this is 
a little too much, the centennial years (in general), although they 
are the 4th years, are reckoned as common years (865 da). But 
this again is rejecting too many leap years : so that every centen- 
nial year which is divisible by 400 is made a leap year. With this 
correction the error does not amount to a day in 100,000 years. 

1. How many seconds in |^ a minute ? In J of a min- 
ute ? In 2 min, ? In 10 mi7i, ? In 2^ min, f 

2. How many minutes in i^ an hour ? In -J an hour ? 
In i an hour ? In 1^ hr. ? In 3 hr. ? In 5^ hr. f 

3. What part of a day is 12 hr. ? 6 hr. f Ihr.t 6 hr.f 

4. How many day^ in 48 hr. f In 36 hr. ? In 80 hr.f 

5. How many whole weeks in a common year ? How 
many days over ? From this how does it appear that any 
particular date in such years, as July 4th, falls one day 
later in the week in each succeeding year ? 

6. Show that from Mar. Ist of Leap Year, to Mar. 1st 
of the following year, dates fall two days later in the week 
than the corresponding dates of the preceding year. 

7. What months of common years begin on the same 
day of the week ? Why ? What of Leap Years ? 

8. If Jan. 11th is Tuesday, what is Feb. 11th ? Why ? 

9. If Apr. 6th is Saturday, what is May 6th ? Why ? 

10. If May, June, or Aug. 1st, of a common year, falls 
on Sunday, show that no other month of that year begins 
on Sunday. How is this in Leap Year ? 

11. To-day, Apr. 17th, is Saturday, on what day of the 
week does the 4th of July fall this year? 

12. Point out the leap years in the following: 1540, 

1320, 1000, 800, 560, 2100, 2290, 2400, 1875, 1876, 1877, 

1878, 1879, 1880, 1881, 1882, 1883, 1900. 
10 
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14. How many days in May, August, and October to* 
gether ? In June, December, and September ? In Feb- 
ruary and March in 1876 ? In 1878 ? 

[See Teacher's Hand-Book for other exercises and interesting 
matter.] 




CIMCULAB OB ANGULAR MEASURE. 

211. A Degree is ^ part of 
the circumference of a circle, or an 
angle measured by this part of a 
circumference, and is designated 
thus 1°. 

In the figure from A to a is 10 degrees, 
written 10°. From A to 6 is 20% and the 
angle BOC is an angle of 20°. From A 
to (2 is 45% and the angle BOD is an angle q 
of 46°. A quarter of a circumference, or 
a right angle, is 90°. 

212. A Minute (as circular or angular measure) is 
^ part of a degree, and is designated thus 1'. 5 minutes 
of this measure is written 5'. 

213. A Second (as circular or angular measure) is 
^ part of a minute, and is written 1". 12 seconds is 
written 12". 

N. B. — It will be observed that a degree 
circular measure is not a definite length; 
thus a degree on the circumference of the 
earth is about 69| miles, while a degree on 
such a circle as the one in the last figure is 
so small that we could not see it. But a 
degree as the measure of an angle is a defi- 
nite thing. Thus if we draw an angle equal 
tof^B, right tLugXe, and then strike a drcom- 




AngUo/4X>'^ 
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ference with the vertex of the angle as a centre, there will be 45** 
of the circumference included between its sides whether the circle 
be large or small. 

The teacher shotdd fjwe the ptipQ exercUee in quemng at the me 
of angles as expressed in degrees, until a definite conception is secured, 

214. Table of Circular or Angular Measure. 

60" = i; 60' = 1°, 90° = 1 Quadrant or Eight Angle. 

216. A Geographic or Nautical (marine) mile is 1' of 
the equator, or about 1^ common miles. 

216. Degrees of Latitude being distances north or 
south of the equator, and measured on equal circles (great 
circles which pass through the poles), are nearly equal ; * 
but degrees of Longitude vary from 69^ miles at the 
equator to at the poles. In the latitude of Ann Arbor, 
Mich., a degree of longitude is 51.1 miles. At 60° latitude 
a degree of longitude is 34.53 miles. 

1. How many minutes in 2° ? In 1^° ? In In 10° ? 
In .5 of a degree ? In .3 ? 

2. How many degrees in 240' ? In 580' ? In 200' ? In 
1260' how many degrees and decimals of a degree ? 

3. How many seconds in ^ a minute ? In .75 of a 
minute ? In .25 of a minute ? - 

4. On a circumference which is 1800 ft', in length 
(around), how long is a degree ? A minute ? A second ? 

5. The circumference of a circle is 3. 1416 times its 
diameter (nearly). Show that a degree on the circum- 
ference of the earth is about 694- miles, the radius of the 
earth being 3962 miles. 

* In conseqaence of the flattening of the earth at the poles, degrees of latitude 
are not absolutely eqoal. A degree of latitude at any place is x^ part of the cir- 
cumference of a circle which has the same curvature as the meridian at that 
place. 
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LONGITUDE AND TIME. 

217. As the sun appears to pass around the earth 
from east to west, and as the hours of the day are deter- 
mined hy its position, any given hour comes to a place at 
the east before it does to a place at the west; thus it is 
noon at New York before it is noon at Detroit, Mich. 
Hence when it is noon at Detroit it is past noon at New 
York. In like manner, when it is noon at Detroit it is 
before noon at Omaha, Neb. 

Principle. 

218. When it is any given hour of the day at any given 
place, it is Later at places Eastward and Earlier at places 
Westivard. 

219. To ascertain just how great this Difference in 
Time is, we have only to consider that as the sun appears 
to go around the earth, that is, passes over 360° of longi- 
tude, in 24 hours, in 1 hr. it passes over 360 -r- 24, or 15° 
of longitude. Then 1° of longitude makes a difference of 
^ of 1 hr. (60 min.), or 4 min. in time. And 1' of longi- 
tude makes a difference of ^ of 4 min, (240 sec), or 4 sec. 
in time: 

220. Table of Longitude and Time. 

15° Longitude make 1 hr. diff in Time. 
1° Longitude makes 4 tnin. diff. in Time. 
1' Longitude makes 4 sec, diff. in Time. 
1. Adrian, Mich., is in 84° west longitude, and Fort 
Kearney, Neb., is in 99° west longitude. When it is 9 
o'clock A. M. at Adrian, what time is it at Fort K^amey^f 
When it is noon at Fort Kearney, what time is it at 
Adrian? 
How many degrees i^ei^ of Adrian is Fort Eeftmcor? 
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2. New York City is in longitude Ti'' west, and San 
Francisco in 122^° west. What is the difference in time ? 
Wh6n it is 6 A. m. at New York^ what time is it at San 
Francisco ? When it is 4 p. m. at San Francisco, what 
time is it at New York ? Answer to last, 7;14 p. m. 

3. In the latitude of Ann Arbor, Mich., 61.1 miles 
make a degree of longitude. Detroit is 38 m. east of 
Ann Arbor. What is the difference in time ? 

Detroit is ff^ of a degree east of Ann Arbor ; hence the difRerenc© 
in time is 4 times ff^, or about 3 min. More accurately, ^miru 

4. What is the difference in longitude between two 
places whose difference in time is ^ an hour ? 

Every 4 min. in time makes how much difference in longitude ? 
Every 4 hr. in time makes how much difference in longitude ? 

5. What is the difference in longitude between two 
places whose difference in time is 3i^ hr. ? 2i^ min. 9 2 hr. 
15 min. 20 sec. ? 

2 hr. make 30' diff. m long. ; 15 min. make 8' 45' diff. in long.; 
and 20 sec. make 5' diff. in long. Ana. 33° 50'. 

221. Knowing tlie difference in longitude between two 
places^ hoio do you find the difference in time ? 

Require the pupils to write out a rule. Several different ones can 
be made. Encourage pupils to make them. 

222. Knoivingthe difference in time between two places, 
how do you find the difference in longitude f Write rules. 

223. Knowi7ig the distance in miles bettoeen tivo places 
in the same latitude, and the length of a degree of longitude 
at that latitude, how do you find the difference in time ? 
Write rules. See Ex. 3. 
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224. WhcU is the converse of the last question f Write 
it and the rule for solving it (See bottom of page 179^) 

6. New York being in Longitude 74° west and New 
Orleans in 90** west, when it is 2 p. m. at New York, what 
time is it at New Orleans ? When it is 11 A. m. at New 
Orleans, what time is it at New York ? 

Answers, 56 min, past noon, and 4 min, past noon. 

7. What is the difference in time between Chicago, 87® 
37' 37'' W. Long., and Cincinnati, 84° 27' W. Long. ? 
When it is 5 p. h. at Chicago, what is the time at Cincin- 
nati ? When it is 8 A. H. at Cincinnati, what time is it at 
Chicago ? 

8. The difference in time between two places being 1 hr. 
22 min. and 32 sec.^ what is the difference in longitude ? 

1 hour in time makes 15"* in longitude. 20 nUn, make 5°. 152 tec. 
make 88^ Hence 1 Ar. 22 min, 82 tec. in time make 20'' 38"^ in lon- 
gitude. 

9. A telegraphic signal given fix^m Washington, D. C, 
at 3:20 p. m. was received at St Louis, Mo., at 2:27 p. m. 
The longitude of Washington being 77'* 0' 15", what is 
that of St Louis ? 

10. The difference in time between Buffalo and Cleve- 
land being 11 min,, what is the difference in longitude ? 

11. Boston, Mass., and Ann Arbor, Mich., are in about 
the same latitude ; and the difference in time is 51 min. 
At this latitude 61,1 mi. make a degree of longitude. 
What is the distance in a direct line from Ann Arbor to 
Boston ? Ans., 651,525, or about 651^ mi. 

12. Berlin, Prussia, is in longitude 13° 23' 53" E., and 
Boston is in longitude 71° 4' 9" W. When it is 4 a. m. at 
Berlin, what time is it at Boston ? 
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13. Annapolis, Md., and Cincinnati, 0., are both in lat- 
itude 39° N". (nearly). On this parallel a degree of longi- 
tude is 53.47 mi. ; and the distance between the places is 
422.413 mL What is the difference in time ? 

14. The difference in time between Logansport, Ind., 
and Omaha, Neb., is 39 mm, ; and the distance between 
them is 509 mi. How many miles make a degree of 
longitude at this latitude ? 

15. In the latitude of Milwaukee, Wis. (43° 2'), 50^ mi. 
make a degree of longitude. How far east or west of 
Milwaukee do you have to go to make a difference in time 
of 15 min. ? of 20 min. ? Of |^ an hour ? Prairie du 
Chien has the same latitude. A man's watch being set to 
Milwaukee time he found it 13^ min. fast at Prairie du 
Chien. How far is it in a direct line from one place to 
the other ? 

16. The difference in time between Detroit and Chicago 
is 19 min. If my watch is set to Chicago time, how will 
it compare with Detroit time ? The longitude of Detroit 
is 82° 58' west. What is the longitude of Chicago ? 



226. Of Paper 24 Sheets are called a Quire, 

20 Quires ^^ '^ a Beam, 

and 2 Beams '^ ^^ a Bundle. 

226. In Counting, 12 Things are called a Dozen, 

12 Dozens ^^ ^^ a Gross, 

12Gros3 " a Great Gross, 

and 20 Things are called a Score. 

L How much does a quire of paper cost when we pay 
$2.60 per ream ? 
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2. At 20 c. per quire, what cost ^ a ream of paper ? . 

3. At 50 c. a ream, what cost 2 bundles of paper? 

4. At $1.50 for a i ream, what cost J of a quire ol 
paper? 

5. At 5 c. per dozen, what cost 84 screws? 

6. How many eggs in 30 dozen ? 

7. How many score in 100 ? 



SECTION n. 

BEDUCTIOJ^. 



227. Reduction of Denominate Numbers is the pro- 
cess of changing the denomination in which a number is 
expressed without altering the value represented by it. If 
the change is from higher denominations to lower, the 
reduction is said to be Descending ; if from lower to 
higher. Ascending. 

1. In 4 yd. 2 ft. 9 in. how many inches? 

Operation. Explanation. 

A. yd, 2 ft, 9 in. Since 3 ft, make a yard, in any number of 

3 yards there are 3 times as many feet as yards. 

14 ft. Hence in 4 yd. there are 8 times 4, or 12 ft,, 

_1? which with the %ft, make Uft, 

177 in. 

Since 12 in. make a foot, in any number of feet there are 12 times 
as many inches as feet. Hence in 14 ft. there are 12 times 14, or 1 68 in,, 
which with the 9 in. make 177 iri. Hence 4 yd. 2 ft. 9 in. are 177 in. 

Is this reduction descending, or ascending? Why? 

2. In 6127 pt of water, how many barrels, gallons, 
quarts, and pints : or reduce 5127 pt. liquid measure to 
the higher denominations of that measure ? 
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Operation, Explanation. 

2 ) 6127 pt. Since every t pt, mike a quart, in 5127 j^ 

4 ) 2563 qt. 1 pt there are as many quarts as 2 is contained 

640 g al 3 qt, times in 5127, i. e., 2563 qt. and 1 pt, 
31.5 ) 640.0 ( 20 m. |-Lq^ ^^^ p^^pn ^ ^^^ the explanation.] 

"loo ffol, •'• 5127 p^. = 20 m. 10 ^a^. 3 jf, 1 pt. . 

To Reduce Denominate Numbers. 

228. Bule. — Reduction Descending is performed 
by beginning with the highest denomination givefif multi- 
plyitig this by the member tohich it takes of the next lower 
to make one of this higher, and adding to this product the 
given number of this next loiver dejiomination. Reduce 
this sum to the next loicer denomination in a like manner, 
and add to the result the given number of this lower. 
Proceed in this manner till the denomination required is 
reached. 

IL Bediiction Aacendingr is performed by di^Mng 
the given number by the number of this denomination 
which it takes to make one of the mxt higher denomina- 
tion, and treating the quotient thus arising in like manner, 
proceeding thus tiU the desired denomination is reached.* 



£^xampt€s for 'Practice. 

Each of the following will afford an exercise for both 
forms of reduction : 

1, 3 da. 6hr. 17 min. = 278220 secf 

H ■ » ' I ' ■ .11 I ■ III .1, I I I 11 I .1 .1 ..... ' ■ 

*li is scarcelj- expedient to give an abstract demonstration of a rule so 
me^aicflS as this. In fact, the anthor bas donbts about the expediency of 
giving the rule at all. Be careftil, however, that the rationale of the process is 
nndetbtood, fend isaH b6 given with ease and elegance. 

t These examples should be assigned in both ways, each making two 6xani- 
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2. 442 ^f. = 6 Jw. 3i?*. 5 qt. 
8. 6 ^ra?. 3 qt Ipt = 55 jo^. 

4. £32 128. lOd. = 7834(?. 

5. 8 ?*. 6 (WJ. 12 ^w^. 16 gr. = 49264 ^rr. 

6. lyj- Z iij. 3j. = 154 sc. 

7. 78692 ^r. = 13 lb. 7 oj?. 18i?w^. 20 gr. 

8. 5382 Oi?;. (avoirdupois) = 3 cwt 36 lb. 6 ois. 

9. 78562 cti. ft. = 613 cd. 98 cu. ft. 

10. 4268 sq rd. = 26.675 ^. 

11. i of a bbl = 1S9 j)t. 

SuggestioiL—Tliis should be solved thus : 

fx^x/lx^ = 189. 

Why is } multiplied by ^ ? Is this quite in accordance with the 
rule (227)? 
The converse process is thus performed 

189 _i_ qfi • 1 89 w 8 3 

Does this process differ from that given in the rule (227) ? * 

12. 4f cords = 608 cu.ft. 

13. t gal. = 5| pt. ipt. = ^ gal 

14. 2 A. 110 sq. rd. = 430 sq. rd. 

15. 6875988 cu. in. = 31 cd. 11 cu.ft. 276 cu. in. 

16. 12 *W. 19 gal 2 ^/, = 3180 pL 

17. 368 1?^. = 5 Jm. 3 i?*. 

18. 30630 min. = 21 (?a. 6 hr. 30 wm. 

19. 172800" = 48^ 

pleSf one in rctflnction deecending and one in reduction ascending. Thus this 
one will >.e given : " EzpresB 3 da. 5 hr. 17 min, in eecondt ; " and again : ** Ex- 
press 278S20 tefi. in days, hoorSf and minntes." In assigning tbem ibr work on 
the black-board the two examples may be assigned to two stodents standing 
together, and thus one will *' prove ^* the other's work. 

* It should be the aim of the teacher to show that we need no q^eeUU mles for 
rednction of denominate fractiona. 
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20. 17 sq.ft. 27 sq, in. = 2475 sq. %n^ 

21. 75288 gr. = 13 W. 17 ptot, 

22. 3.25 gai. = 26 pL 

Does the process by which we perform this constitute an excep- 
tion to the general rule (227) ? 

23. 12/if. 9 in. == 12.75 ft. 

How are inches reduced to feet ? 9 + 12 = what decimal ? Does 
this process constitute an exception to the rule (2227) ? 

24. 3 in. = .083^ yd. 

How are inches reduced to feet ? How are feet reduced to yards ? 
3 + 13 = .35. .35 + 3 = .083J. 

25. £4.67 = £4 135. 4flf. d.2far. 

How is the £ .67 reduced to shillings? How is M. reduced to 
pence? 

26. ^ ivh = 1 (fc. 15 hr. 12 min. 

inrx^ = i|!- 'A^tit = iH. 1x60 = 13. 

6 

.-. 5^ wk. = 1 rfo. 15 hr. 12 min. 
' 13^60 = 1 l5i-24 = M^jjV = H. 1H^7 = 

N.B. — Let the pupil trace this work till he sees clearly that the 
processes form no exceptions to the general rules for reduction. 

27. .475° = 28' 30". 

28. 3iv 3ij — ^oz. 

29. .345 of a hhl. of flour = 67 lb. 9ff oz. 

30. 16 lb. 8 oz. = .275 bu. of wheat, or ^ bu, 

31. 43 rd. 11.7 in. = .13456 mi. +. 

32. I 02?. = 16 pwt. 16 ^rr. 

33. f Jw. = 3 ph. 1 g^. 1| j!?^. 

34. 213 rd. 1 yrf. 2^ /if. = | mf. 
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35. A pile of wood 4 ft long, 3 ft high, 4 ft. wide = 
icd. 

36. § ix 3 j 3ij gr. viij = .76875 II. 

37. 3 iS. 10 oz. Troy = 3 lb. 2j^ ojj. Avoirdupois, nearly. 

38. 528 chains = 6 mi. 192 rtZ. 

39. 2J mi. = 220 £?A. 

40. 3 ch. 4 Z*. = 200.64 ft. 

41. 2i^ ^. = 25 ^q. ch. 

42. A lot 12 ch. 24 Ik. by 15 cA. 40 IJc. = 18.8496 ^. 

12.24 X 15.4 -h 10 = 18.8496. 

43. 3 J. = 300000 sq. lie. 

44. A lot 81 ch. 52 Z*. by 34 ch. 2 Z*. = 277.3 A. +. 

45. 756 cu. ft. = 1306368 cu. in., or 5.9^ erf. 

46. .24 bu. wheat = 14 lb. 6.4 02J. 

47. 75 sq. rd. 12 sg'. yd. 4 5g. /if. = 20530 J sq.ft. 

48. 165888 cw. in. = J erf. 

49. 8410 Ik. = lwi. 4.1 c/i., or 1.05125 mi. 

50. 24| lb. = -J SSZ. flour. 

61. 5/3 36iTL=.7/l. 

62. .008 mi. = 2 rd. 9.24 ft. 

53, $68 = 680 rf. = 6800 c^. = 68000 m. 

64. 3256 w. = 325.6 ct. = 32 rf. 5 c. 6 w. = 13.256. 

55. 1250 fr. = 1241.25. $10 = 51 fr- 81 <^- + 

56. 5 Wap. = $19.30. $100 = 25 Nap. 18 fr- 13 c- +. 
67. 5 fathoms = ft. ? 256 ft. = fathoms ? 

58. 2 iwi. 34 rd. 3 yrf. = yd. f 

59. 2000 yd. = /wi. ? 

60. 1 mi. = yd. f 40 rrf. = yd.? 

61. 100 yrf. = rd. ? f yd. = what part of a rrf. f 

62. A lot 5 rrf. by 8 = what part of an acre ? 

63. 3i A. = sq. yd. f 5 5y. rrf. = ^. f 
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64. A lot 7.21 ch. by 3.40 ch. = 2.4514 A. 

65. 5 A. 110 sq. rd. 1 sq, yd. = 5.6877 A^ very nearly. 

66. I a?. = — cw. //. f 12 cw./if. = what part of a cd ? 

67. 5 cd, 120 cw./^. = cu. ydJ 

68. 1376 cu. yd. = 290J cd. 1 cw. ^tZ. = cd. t 

69. 3 ibl. 20 ^aZ. = qt. f 

70. 4000 y^. = 31 ibl 23^ ^roZ. = 31|i JJZ. 

71. 10 gal 3 ^^. 1 jt?^. = 43.5 qt. 

72. 126J qt = 31 ^raZ. 2 qt. li pt. = 1 bbl 1^ pt. 

73. 43 qt. = 6pk.S qt.y or 6| pk. 

74. ^ Sw. =5^jD^. 

75. 3.416 bu. = 3 Ji*. 1 joi. 5| qt. nearly. 

76. 2 Jm. ^plc. 5 y^. li^^. = 187.5 j9^. 

77. 1 bu.l ph. 1 qt. 1 j[?^. = How many pecks ? 

78. 2 bbl 15 ^ra?. IIOJ pt. = 91.78125 ^a7. 

79. 5287 qt. = bbl gal qt. pt. f 

80. use gal ^ pt.? 

81. 4 lb. 8 oz. 12 pivt. 16 ^rr. = 27184 gr. 

82. 3 lb. 10 02J. 20 ^rr. = 46^ oz. 

83. 342| oz. = 28 ZJ. 6 oz. Spwt. 

84. 1 y. 13 cwt. 58 ». = 3358 lb. 

85. 7129 ». = 3 T: 11 cwt. 29 ZJ. 

86. 7129 lb. =r 3 r. 3 cwt. 73 lb. XJ. S. Customs weight. 

87. 52 rd. 4 y^?. 2 ft. = ^ mi. 

88. 1-iV bbl = 34 ^raZ. 1 pt. 

89. 2 Ar. 52 min. 48 sec. z=^ dcu 

90. ^ Jw. = i*t -P^- 

91. 11 da. =:^mo.= -^ yr. in computing interest. 

92. 2 wo. 13 da. = .2028 — yr. in computing interest. 

93. 2 yr. 5 wo. 7 da. = 2.436 yr.+, as above. 

94. 11 yr. 10 mo. 21 (?a. = 11.89 yr.+, as above. 

95. 4 yr. 10 wo. 24 dte. = 58.8 mo., as above. 
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96. 3.725 yr. = 3 yr. 8 mo. 21 da., as above. 

97. 7 mo. 6 da. = .6 yr., as above. 

98. 1 yr. 8 mo. 12 da. = 1.7 yr., as above. 

99. 1 yr. 4 mo. 24 (2a. = 1.4 yr., as above. 



SECTION m. 

ADDITIOJ^. 



1. There are three casks which contain 2 ^aZ. 3 qt. 1 pf ., 
6 gal. 2 j^. l^- jp^., and 4 ^a?. 1 j^. IJ jp^. How much do 
they all contain ? 

How many pints are 1\, X\, and 1 ? How many quarU does this 
make! 2 ^., 1 ^., 2 qt, and 3 qt, make how many quarts? How 
many gallons does this make, and how many quarts over ? 2 gal,, 
i gal., 5 gal,, and 2 ^o^., make how many gallons? 

2. There are 5 pieces of rope whose respective lengths 
are 2 yd. 2 ft 3 in., 4 yd. Ift. 7 tw., 3 yd. 2 ft. 5 m., 5 yd. 
2 ft. 10 m., and 3 yd. 2 ft. What is the entire length ? 

Operation. 

2 yd. 2 ft. 3 in. Bzpla]iation.~We write numbers of the 

4 yd. 1 ft, 7 t7». same denomination in the same column, be- 
9 yd, 2 ft. 5»/i. cause such are more conveniently added to- 

5 yd, 2 ft, 10 in. gether. We then begin the addition with the 
8ytf. 2 ft, loioest denomination, because we can thus tell 

20 yd, 2 ft, 1 in, whether there wiU arise any of the higher 

denominations from adding the lower, and if 
there does can add it in with the higher denominations as we go 
along. [Were we to commence with the highest denomination we 
should have to revise our results after having added all the columns. 
Let the pupil try it.] 
In this example the sum of the inches column is 25 in. ^2 ft. 
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1 in. The flum of the feet column together with the %ft. from the 
inches column, \a\\ft,=^Zyd.2ft, The eum of the yards column 
together with the 3 yd. from the feet column, is 20 yd. 

To add Compound Numbers. 

289. Bule* — Write the numbers so that like denomi' 
nations shall stand in the same column. Beginning toith 
the column of the lowest denomination^ add it and find 
how many of the next higher the sum makes, reserving this 
number in mind, and writing the remainder of this sum 
under its own column. Add the next higher column to- 
gether vrith what arose of this denomination from the 
preceding column, and treat the sum as before. Proceed 
in this manner till all the columns are added. 

Pupil give the reasons (Demonstration) in order. He is to 
tell, 1. Why we write the numbers as the rule directs. 2. Why 
we begin with the lowest denomination. 8. Why we reduce the 
several sums to the higher denominations. (See " Explanation " 
above.) 

3. What is the amount of £105 Is. 2d. 3/r., £218 lis. 
5d. yr., £199 175. 9d. 2/r., and £77 ISs. 3d. 3fr. f 

Ans., £601 Ss. 9d. 2/r. 

4. What is the sum of 8 lb. | xj 3 yj 3ij, 9 lb. | x 3 vij 
3 j, 4 lb. I vij 3 iij 3j, 17 lb. I viij 3 iij 3j, and 45 lb. 
I xj 3 iij 3 j ? Ans., 87 lb. | ij. 

5. What is the sum of 10 rd. 3 yd. 1 ft. 7 in., 7 rd. 2 yd. 

2 ft. 5 in., 3 rd. 4 yd. 1 ft. 9 in., 5 rd. 2 yd. 1 ft. 10 in., 
and 13 rd. ^ yd. 11 in. ? Ans., 41 rd. 1 yd. 1ft. 

6. What is the sum of 14S bu. 3 pk. 1 qt., 163 bu. 1 pk. 

3 qt., 275 bu. 2 pk. 7 qt., 45 bu. 3 pik. 6 qt., and 73 Sw. 1 pk. 
5 qt. f Ans., 704 bu. 6 qt. 
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7. What is the amount of £13 175. lid. 1/r., £22 14j?. 
9rf. l/n, £37 ISs.'ed 3/r., and £46 135. U. HfrJ 

Ans., £121 45. lOd. Sfr. 

8. A silversmith bought of A 3 lb. 9 oz. 14 pwt 16 gr. 
of silver, of B 9 ZJ. 11 oz. 17 /?w^. 18 gr., of C 1 ». 
8 oz. 19 ^t^^. 21 ^rr., and of D 3 lb. 7 o;?. 12 ptvt. 16 (/r. 
How much silver did he buy ? 

Ans.y 19 ZJ. 2 oz, 4: pwt. 23 ^r. 

9. What is the amount of 45 cd. 23 cu.ft. 25 cu. in., 
273 erf. 75 cu. ft. 684 cw. i»., 97 cd. 18 cw. /if. 384 cu, in,, 
250 erf. 64 cu. ft. 197 cu, iii., and 264 cd, 84 a(. /?. 848 
cu. in.? Ans., 931 cd. 9 cw. j^. 410 cu. in. 

10. What is the sum of 86 sq. yd. 7 sq. ft. 46 sq. in., 
245 55^. yrf. 8 sq. ft. 89 5$'. in., and 265 5$'. yrf. 7 sq. ft. 
128 5g. in. 9 Ans., 598 sq. yd. 5 sq.ft. 119 sg. tn. 

11. What i^ the amount of 5 bbl, 20 gal 3 qt. 1^ pf,*^ 
7bbl. 26 gal. 2 qt., 2% gal 1 qt.^ 3 bbl dO gal lipt., 2pt. 
1\ pt, 13 gal, 2 qt If qt. ? 

Ans., 18 bbl 24 gal. 3 qt. \pt. 

12. What is the sum of J of a bushel, 2.64 pecks, .5 Jw,, 
12| qt,, lOi ph., and 320 pt., in bushels ? 

Ans., 9.92875 Jm. 
13.; What is the sum of 8 yd. 2 ft., Il6ift., 2005 i/L, 
4.35 yrf., 28| ft., 3 1 2/rf., .25 //., and 226 ft. in rorf5? 

Ans., 33.168 + rrf. 
14. Mr. E. Jones owned 1| sections of land in one town- 
ship, 80 acres in another, a quarter section in another, a 
40 acre lot in another, and a piece of land 40 rods by 40 
chains in another. How much land had he in all ? 

Ans., 2 sections. 
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SECTION IV. 

SUBTRACTIOJf. 

1. From 3 lb. 8 oz. 16 piot., sabtract 1 lb. 3 oz. 12 ptot. 
17 gr. 

Operation. Bxplanation*— We write the denom. 

3 ft. 8 ()2. 16 pvA. inations of the subtrahend under like 

\U>,Zoz. 12 pwt. 11 gr. denominations in the minuend, because 

rt ,. -, — — : — it is more convenient to subtract a num- 

2U>,^oz, %pwt. 1 gr, ^ ^ ^ . . 

ber of any denommation from another 

of like denomination. We begin to subtract at the lowest denom- 
ination, so that if there should chance not to be as many of any 
particular denomination in the minuend as in the subtrahend, we 
can take one from the next higher denomination in the minuend, 
and put it with the number in this deficient denomination. Thus 
in this example there are no grains represented in the minuend; 
but we can take one of the 16 pwt. which makes 24 gr,^ and sub- 
tracting 17 gr, from it, have 7 gr. left. Then 12 p\ot. from 16 pwt, 
leaves 3 pwt., etc. 

2. From 14 hu. 3 ph. 4 qt 1 pL subtract 8 hi, 3 ph. 
7 qt Ans., 5 hii. 3 ph. 5 qt. IpL 

To Subtract Compound Numbers. 

230, Rule. — Write the suMrahend under the minuend 
so that its denominations shall fall under the correspond- 
ing denominations of the minuend. Begin with the lowest 
denomination^ and tahe the number represented in each 
denomination of the subtrahend from the number in the 
corresponding denomination in the minuend, and write 
the remainder underneath. If the number in any de- 
nomination in the minuend is less than the corresponding 
number in the subtrahend, tahe 1 of the next higher 



884 DENOMINATE NUMBEMS, 

denomination of the minuend in which there are any, and 
reducing it to this lower denomination and uniting it with 
what there may be in this denomination, perform the sub- 
traction. Observe when passing to the higher denomhia- 
tions how much remains in tJtem. 

3. From £10 125. Hd. take £6 85. 6d. \ 

4 From £17 Os. 3d. take £9 10s. 6d. 

Operation. Bxplanation. — As 5d. can not be taken from M., 

£17 Os M ^® **^® ^^ ~ ^^*'» *"^^ taking 1 of the 206., which 

£ 9 10» 6d ™*k®s 13d, subtract 5d. from 12 + 3(?., or 15(?. Then 

— — — we have lOs., which we subtract from the 19«. re- 

maining of the £1. Finally we take £9 from £16. 

5. From 10 bu. 3 pk. 4 qt, take 4 bu. Iph 2 qt. 

6. From 1 bu. 1 pk. 1 qt. take 2 pk. 1 qt. 1 pt. 

7. From i bu. take 3 qt. and 2 pt. Bern., 1 pk. 4 j*^. 

8. From 5 W/. 24 gal. 2 5'^. take 1 bbl. 27 ^ra/. 3 (7^. 

Rem,., 3 JJ/. 28 ^a?. 1 qt. 

9. From 4 lb. 8 02;. 12 ptot. take 2 ?J. 6 o^j. 17 ^r. 

i?ew., 2 lb. 3 02f. 11 pwt. 7 ^r. 

10. From 1 lb. take 15 jo?(;^. 20 gr. 

Bern., 11 02;. ^pwt. 4 ^r. 

11. From 5 mi. 100 rt?. 12 /if. take 2 twi. 30 re?. 16 ft. 

Rem., 3 mi. 69 rd. Id ft. 6 m. 

12. From 27 A. take 110^^ sq. rd. 

Rem., 26.3109375 A. 

13. From 2^ cords take 120.32 cu. ft. 

Rem. 1.56 cords. 

14. From 5 yd. take 5 ft. Rem., 3^ yd. 

15. From 2 71 12 ctot. take 3420 Z5. 

Rem., 17 ct«;^. 80 Z^. 

16. From ^ a section take 51 ^. 45 sq. rd^ 
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17. From Jvij 3iij 3j take ^iij 3v 3ij. 

18. Sold from a barrel of molasses 10 gal. 3 qt 1 pt. 
How mach remained ? 

19. From the sum of 3 lb. 13 oz., 2 lb. 5 oz.y and 6 lb. 
11 oz., take 12 lb. 10 oz. 

20. From } y J. take 7 in. 



To Find the Time between Two Dates. 

231. There are several methods in use for estimating 
the time between two dates ; of these we shall consider 
two. 

1. To find the exact time ; 

2. To find the time as commonly reckoned in com- 
pnting interest^ that is, reckoning 30 days as a month, and 
12 months as a year. 

1. What is the exact time in days between Jan. 12th, 
1856, and May 15th, 1874 ? 

Solution.— Between Jan. 12th, 1856, and Jan. 12th, 1874, are 1874 
— 1856 = 18 yr., in which there are 5 Febraaries containing 29 days 
each.* Hence in these 18 yr. there are 365 x 18 + 5^= 6575 days. 
Then from January 12th to May 15th, 1874, there are 19+28 + 31 + 
30 + 15 = 123 days. Therefore there are in aU 6575 + 123 = 6698 
days between these dates. 

2. What is the exact time in days between Apr. 5th, 
1860, and Nov. 24th, 1875 ? Ans., 5711 days. 

3. Beckoning 30 da. a month, and 12 mo. a year, what 
is the time between Aug. 17th, 1871, and Feb. 3d, 1875 ? 

* That if>, those in the Leap Years 1866, 1860, 1864, 1868, and 1879. 
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Operation. Explanation. — The later date (laigei 

1875 tff.^mo. S da. »^ni^r) ^ ^^ 1875tli year, 2d month, 
1871 yr. 8 fm. 17 da. ^^ ^^- ^lie earlier is tlie 1871st year, 

— '— — -— — 8tli month, and 17th day.* 

3 yr. 6 mo. 16 da. 

Find the time between the following dates^ reckoning 
12 mo. a year^ and 30 da. a month : 

4. March 16th, 1850, and Dec. 5th, 1871. 

5. Aug. 23d, 1846, and Apr. 2d, 1827. 

6. Dec. 22d, 1620, and Jan. 19th, 1875. 

7. May 5th, 1872, and July 15th, 1873. 

8. Mrs. J. was bom Dec. 5th, 1825. What is her exact 
age in calendur years, months, and days on the 20th day 
of January, 1875? A7is., 49 yr. 1 mo. 15 da. 

231. a* In reckoning calendar months and exact days, when 
subtracting the days, "borrow," and when adding "carry," accord- 
ing to the number of days which make t/ie month next preceding that 
in which ih^ period terminates; and when obtaining a date by sub- 
traction, should a fall in months order, transfer 1 yr. = 12 mo. to 
that order. 

9. What is Mr. O.'s age March 12th, 1875, he having 
been born July 24th, 1827 ? Ans., 47 yr. 7 mo. 16 da. 

The month " borrowed " is February, 28 da. 

10. What* is Mary's age Aug. 15th, 1875, she having 
been born July 20th, 1868 ? Ans.,1 yr. 26 da. 

Thg month " borrowed " is July, 31 da. 

11. A note dated July 25th, 1857, matures in 5 yr. 3 mo. 
24 da. When is it due ? Ans., Nov. 18th, 1862. 

The month "carried " (Elled out) is the 10th, 31 da. 

* A ftiU explanation of thii process requires that we 1874 yr. 1 mo. 8 deu 

understand that the earlier date is really 1874 yr. 1 mo. 1870 yr. 7 mo. 17 da. 

3 da. after the Christian era, and the later 1370 yr. 7 mo, 

17 da. after the same time. 8 yr. 6 mo. 16 da. 
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12. June 8th, -1877, I have a note which has run 2 yr. 
5 mo. 10 da. What is its date ? 

Subtracting, we have 1875 39, which is Dec. 29, 1874. 

13. Feb. 12, 1876, Henry is 10 yr. 1 mo. 15 da. old. 
When was he bom ? Ans., Dec 28th, 1865. 

14. What is the exact time in days from Sept. 7th, 
1873, to Dec. 10th, 1875 ? Ans., 824 da. 

Subtracting, we have 2 yr. 3 mo, 3 dti. The 2 yr. = 730 da., and 
the 3 mo, =91 da. 



SECTION V. 

MULTIPLICATIOJT. 

1. Multiply 5 yd, 2 ft, S in. by 7. 

Operation. Explanation. — The multiplier is written un- 

Svd 2 ft 8 m ^®^ *^® lowest denomination of the multiplicand 

7 ds matter of custom.* We commence the mul- 

41 vd f/ 8 in tiplication with the lowest denomination, since 

by so' doing we can find how many of the next 
higher denomination any particular product makes, and thus add it 
in with the next product as we pass along. Thus 7 times 8 in.. are 
56 in. = ^ft, 8 in. Writing the 8 in, under inches, we reserve the 
^ft. to be added to the next product. 7 times 2 ft, are 14 /If., which 
with the 4 ft. from the preceding product, make 18 ft. = 6 yd. ft. 
Finally, 7 times 5 2^<f . = 85 yd., which with the 6 yd. from the pre- 
ceding product makes 41 yd. Hence 7 times 5 yd. 2 ft.^ in, are 
41 yd. Sin, 

' 2, Multiply 5 lb. 13 oz, by 8. Prod., 46 lb. 12 qz. 

: 1. Where do you write the multiplier? Why? 

2. Where do you begin to multiply? Why? 

3. What do you do with the product arising from multiplying 
any particular denomination by the multiplier? Why? 

Pupil write the rule and the reasons for it ; that is, the liule and 
the DimanstroHon. 
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3. Multiply £7 95. M. by 6. Prod.y £44 168. M. 

4. Multiply 1 cd. 112 (?w.//. by 10. 

Prod.y 18 cJ. 96 cu. ft. 

5. Multiply 12 ^raZ. 3 ly^. 1 pt. by 7. By 100. 

6. Multiply 4 o^;. 12 pwt. 21 ^r. by 16. By 132. 

7. Multiply 17 A. 35 sq. rd. 4 sq. yd. 5 ^g^;/^. by 23. 

Prod.y 396 -4. 8 sq. rd. 14 «gr. yrf. 36 sq. in. 

8. Multiply 4 m. 110 rdf. 17//. by 127. By 250. 

9. Multiply 5 da. 15 hr. 13 min. 20 set?, by 341. 

10. Multiply 10° 12' 14" by 45. By 6. By 13. By 10. 

11. Multiply 3 Ih. I viij 3 ij 3J by 4. By 12. By 24. 



SECTION VI. 

Dirisioj^. 



1. Divide 23 da. 15 kr. 51 min. by 7. 

Operation. Bzplanation. — We begin the 

7)28 da. 15 hr, 51 min. division with the highest denom- 

8 da, 9h/r, 7 min, 17| sec. ination, since if there is any re- 

mainder it can be reduced to the 
next lower denomination, combined with what is expressed in this 
denomination, and the whole sum divided at once. Thus 28 (fa. +7 
= Sda. and 2 ^. (= 48 hr.) remainder. Then 48 Ar. +15 Ar.=68 hr., 
which divided by 7 gives 9 hr. 51 m»rt . -*- 7 = 7 min, and 2 min. (or 
120 see.) remainder. 120 «cc.-*- 7 = 17| see. 

2. Divide 12 Ih. 15 oz. by 8. Quot.y 1 lb. ^ oz. 

3. Divide 125 bbl 17 gal. 3 qt. by 36. 



Divisioif. 239 



; 



Operation. 

86 ) 125 m. 17 gal 3 j^. ( 3 6W. 15 gal. IJi qt 
106 

17 6W. re»i. 
31i 



Bzplanation. — Dividing 125 &&?. bj 86 we 
Jr find the quotient 3 hbl. and a remainder 

17 17 hU. Reducing this to gallons and adding 



562J^a/. the 17 gal, in the given number, we have 

^ 552J gaL This divided by 36 gives a quo- 

rxr tient 15 gal. and a remainder 12jt gal This 

121 acd rem reduced to quarts makes, with the 3 qt, of 

4 the given number, 53 qt Dividing this by 

60 qt. 36, we have 1 J} qt, 

3 qt. 

63 qt, 
86 

17 5^ . r€W. 

To Divide Compound Numbers. 

232. Hule. — /. Write the divisor on the left hand of 
the dividend and the quotient underneath the dividend, or 
at its right, according as you divide by short or long 
division. 

11, Beginning tvith the highest denomination, divide it 
and torite the quotient of this denomination in its place. 
Reduce the remainder {if any) to the next lower denomina- 
tion and add to it the number eocpressed in this denomina- 
tion in the given number. Divide as before, reducing the 
remainder to the next lower denomination. 

Proceed in this manner. till the division is complete. 

Demonstration. — The general principle involved in this operation 
Is the same as that involved in simple division, viz., the quotient is 
found by dividing the parts of the dividend separately and adding 
the quotients. (See rule for Simple Division and its demonstration.) 

The relative position of dividend, divisor and quotient, is mainly 
matter of custom or convenience. 
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The division is commenced at the left hand in order that the 
several remainders which may arise may be reduced and combined 
with the lower denominations as the work proceeds. 

4. Divide £25 lOs. Sd. by 9. Quot., £2 IQs. 8|d 

5. Divide 287*. Uoz.hjb. 

G. Divide d lb. | vij 3iv 3ij by 6. 

7. Divide 20 A. 100 sq. rd. by 10. By 27. By 13. 

8. Divide 6 mi. by 115. Quot, 16 rd. 11 ft. bH in. 

9. Divide 1 55?. by 22. Quot., 1 gah 1 qf. l-ffpt. 

10. Divide ^ a bushel by 7. Quot, 2f g^^. 

11. Divide 7i cords by 3. ^z^o^., 2 cd. 74f n/. //. 

12. Divide 5 yd. 1 ft. 8 m. by 4. 



13. How many times is 2 bu. 3 ;;i. 7 qt. contained in 
nbu.2ph? A7is.,5\i. 

.Suggestion. — Reduce both dividend and divisor to the lowest de- 
nomination in either, and then divide. 

14. Divide 3 55Z. by 6 qt. By 20 (/al 2 qt. By 5 gal 
3 qt. Ipt. Last Quot., 16.08 +. 



SECTION vn. 

TWO PRACTICAL EXPEDIEJ^TS. 

233. Making Change. 

1. Having bought 37 cents worth of goods I hand the 
clerk a 12 bill. How will he count the change due me ? 

Answer.— "Re veill say "37," and laying out 3 c. say "40;" then 
he will lay out a 10 c. piece and say **50," then a 50 c. piece and 
say " $1," and then a dollar bill and say " $2." Thus he counts on 
te the amount to be taken out by filling out the even parts of a 
dollar, and then counting on the remaining dollar. 



PRACTICAL EXPEDIENTS. 241 

2. Having Quarter Dollars and II bills, how will the 
change for $1.25 be counted out of $5 ? How if I have 
only 5 c. 10 c. and $1 pieces ? 

Answer to last, " $1.25," " 30," " 40," " 60," "60," " 70," " 80," 
" 90," " $2," « $3," " $4," " $5." The pieces handed out being a 
6 c. and 7 10 e. pieces and 3 $1 bills. 

3. Having Ic, 2c., be, and Half Dollar pieces, how will 
the change for 27c. be counted out of $1 ? What pieces 
will be given ? 

Answer. — Tlie pieces ^ven will be 1 1 c, 1 2 o., 4 5 c, and 1 50 c. 
The counting will be "27, 28, 30, 35, 40, 45, 50, $1." 



4. Having $5, 12, and $1 bills, and \c.,bc. and Quarter 
Dollar pieces, how will the change for 12.13 be counted 
out of a $10 bill ? 

5. Having 1 c, 10 c, and 25 c. pieces, how will the change 
for 7 c. be counted out of a 50 c. piece ? 

6. Having 2 c., 3 c., 10 c, and 50 c. pieces, and $1, $2, and 
$10 bills, how will the change for $3^17 be counted out of 
a $20 bill ? ■ 

Answer. " $3.17, 20, 30, 40, 50, $4, $6, $8, $10, $20 ; the p"ieces 
given in change being 1 3 c., 3 10 c, 1 50 c., 3 $2 bills, and 1 $10 biU. 

7. With the same pieces as in the last, how will the 
change be made for $11.26 out of a $50 bill ? 

8. With 1 c, 2 c, and 10 c. pieces, how will the change * 
for 15 c. be made out of 50 c. 9 How 45 c. out of $1 ? 
How 8 c. out of 25 c. ? 

9. With 1 c, 2 c, 10 c, and 25 c. pieces, and $2 bills, 
how JVfiW the change for 62 c. be made out of a $5 bill ? 

The counting is *' 62, 63, 05, 75, $1, $3, $5." 

The pieces used are 1 1 c, 1 2 c, 1 10 c, 1 25 c, and ^ ^"ILXJCsNa. 



% 
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10. With 1 c,y 10 c, and 50 c, pieces, how will the change 
be made for 32 c, out of a $2 bill ? How for 37 c. 9 How 
for 12 c, out of a $1 bill ? 



Aliquot Parts. 

234, An Aliquot Part of a number is any number 
(integral or mixed) which will exactly divide it. 

The common Aliquot Parts of $1 are 50 c. = IJ ; 25 c. 
= $}; 20c. = $i; 10c. = $^15-; 12ic. ==$J; ejc. = $^1^; 
^^c. = U; and 16|c. = ^. 

1. What cost 27 yd of cloth at $25 c. per yard ? 

Solution. — At $1 per yard 27 yd. would cost $27 ; hence at $ J 
per yard 27 yards cost J of $27, or $6f = $6.75. 

Another Solution. — As every 4 yd. cost $1, 27 yd. will cost as 
many dollars as 4 is contained timed in 27 ; 27 -j- 4 = 6}. Hence 
27 yd. cost $6.75. 

Note. — The pupil should always be able to give some suchi 
analysis of the operation ; but for practical purposes he is to notice 
just what the numerical operation is; as, in t/Us case, it is simplp 
dividing by 4, 

2. .What cost 42 yd. of calico at 12^^. per yard? At 
16f? At6i? 

Operation.— For the first, 42 -^ 8 = 5J. .% The cost is $5.25. 

'3. What cost 35 lb. of butter at 33^ c. per pound ? At 
2bc.? At50c.f At 20c. .^ 

4. What cost 15 lb. of tea at $1.33^ per pound? At 
$1.10? At $1.50? At $1.25? At$1.12i? At $1.20? 

Operation. — For the first, 15 + 5 = 20. .". The tea cost $20. 

5. At 12-1^ c. per pound, how much sugar can be bought 
for$l? For $3? For $1.25? 

C^peration. 8 + 2 = 10. .'. 10 ib. can be bought for $1.25. 
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6. At 33^ c. per pound, how much coffee can be bought 
torn? For $2? For 15? 

Operation. 2x3 = 6. .'.6 U). can be bought for $2. 

7. What cost 15 yd. of cloth at $3.20 per yard ? At 
$2.10? At$4.33i? 

8. What cost 25 yd. of cloth at 14.25 per yard ? At 
$3.40? At $11.25? 

Operation.— For the first, 426 -r- 4 = 106.25. 
Explanation. 100 yd. would cost $425, and 25 yd. would cost j- 
as much. 

9. What cost 3^ lb. of butter at 32 c. per pound ? At 
36c..? At45c.f At21c.^ 

At 21 e. 10 ». cost $2.10, and 3^ cost $2.10 -5- 3 = 70(j. 

10. What cost 12^ yd. of cloth at 40c. per yard? At 
$1.12? At 16 c.? At $2.20? 

11. What cost 48 gal of molasses at 66f c. per gallon ? 

Operation. 48 - 16 = 32. .*. $32. Why ? 

12. What cost 120 bu. of potatoes at 37^ c. per bushel ? 

13. What cost 256 bu. of onions at 874 c. per bushel? 

$256 — J of $256, or $256 - $32 = $224 Why? 

14. What cost 75 cords of wood at $5.50 per cord ? 
$550 - i of $550, or $550 - $137^ = $412.50. Why ? 



15. At $360 per year what is the rent of a house for 

2 yr. 7 mo. 25 da. ? 

Operation. 

For 2yr., 2 times $860. or $720 
For 6 mo., J of $360, or 180 
For 1 mo., i of $180, or 30 
For 15 da.y i of $30, or 15 

For 10 da., i of $30, or 10 

For the required time, .... $955 
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16. At $480 per year what is the rent of a house for 
8 mo, 13 da. f Ans., $337.33^. 

17. What cost 5 iu. djpk. 2 qt. of grain at $1.20 per 
bushel ? W hat 2 iu. 2 pk. 3 qt. f 

$6.00 + .60 + .30 + .07i = $6.97i. Why ? 

18. If John's salary is $560 per year, how much does he 
receive for 5 mo. 15 da. f For 1 yr. 10 mo. 18 da. ? For 
2 yr. mo. '^0 da.? For 9 mo. 14 da. ? 

Operation for the last, $280 

$46,666 $140 
14 da. = J mo. + | of J nio. 15.555 

3.111 
3.111 



$441,777 



19. What cost 6 lb. 12 oz. of butter at 2SC. per pound? 
What bib. lioz. at ddc.f 4:1b. 'iO oz. at 24tc.f Tib. 
13 oz. at 40 c. f Same at 32 c. per pound ? 

$2.80 + .20 4 .10 + .02J = $3.12i. 

20. At 14<?. per pound what is the cost of a dressed 
turkey weighing 12 lb. 14 oz. ? What one weighing 8 lb. 
11 oz. ? Same at 16 c. per pound ? 

21. At $450 per year what is the rent of a house for 
2 yr. 8 mo. 25 da. ? For 1 yr. 6 mo. 11 da. f For 3 yr. 
2 mo. 13 da. ? 

$1350 + 75 + 12.50 + 3.75 = $1441.25. 



XH AFTER V, 



BUSI NESS RU LES 



SECTION I. 

PERCEJSTTAGE. 

1. During a severe winter a farmer lost 5 slieop out of 
every 100 of his flock. What pai*t of his fleck did he 
lose ? Ans^ .05, i>r t^. 

2. John's father agreed to give him $8 for every #100 he 
would earn for himself. To what part Of his eai-nings was 
his father's gift equal ? Ans, .08. 

235. Per Cent means By the Hundred. 

To say that a man lost 5 per cent of his sheep is to say that he 
lost 6 out of every hundred of them, or .05 of them, ^gain, ti) say 
that a father gives hu* son a sum equal to 8 per cent of the son's 
earnings is to say that he gives the son $8 for every $11K) he eams, 
or a sum equal to .08 (if his earnings. 

3. A nurseryman lost by drought 6 per cent ol'his trees. 
What part of his trees did he lose ? If he had 2150 trees, 
how many did he lose, t. c., .06 of 2150 = how many ? 

Answer. He lost .06 of his trees; and as he had 2150 
he lost 129 trees. 

4. A jnan's house was damaged by fire to an ext( nt esti- 
mated at 15 per cent of its value. If the house was worth 
$6530, what was the amount of damage ? 

Ans., $919,5Q. 
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5. A speculator bought a car-load of wheat for I45Q 
and sold it at a profit of 4 per cent How much did he 
make by the speculation? , 

This means that he made .04 of $450, which is $18. 

6. What is 9 per cent of 250 ? 10 per cent of 48 ? 
17 per cent of 53 ? 11 per cent of 1437 ? 

Answer to last, 1437 x .11 = 158.07. 

236. Rate* is the number by which we multiply to 
obtain any required per cent of a given number. 

Thus, to obtain 7 per cent of 250, we multiply 250 by .07. Hence 
.07 is the Bate (not Bate per cent). 

237. The result obtained by taking a certain per cent of a 
number is called i?ie Perceniage, The tenn Percentage is also used 
as a general designation for all processes involving this method of 
reckoning by the hundred. 

238. The Base is the number upon which the per- 
centage is estimated. 

Thus in the last illustration 250 is the haae. 

7. Mr. Smith having a flock of 340 sheep found that in 
1 year they increased at the rate of 50 in a hundred. 
What was the per cent (or rate per cent) of ^increase ? 
What was the rate of increase? How much was the 
increase ? 

The rate per cent, or per cent of increase was 50. The rate ot 
increase was .50, or J. The percentage was 170. 

239. The character % is used as a substitute for the 
words per cent. 

Thus 4% means ** 4 per cent." 

• It BeemB scarcely admieeible to upo the term Bate per cent Id this sense, bnt 
we may so use Baie ; In fact this is the common meaning^ of the word rate in 
mathematics. An allowance of 7 on a hundred is not at a rate of .07 per cent^ 
Although It l8 at a rate of .07 ; the Bate per cent is 7. 
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8. What part of a number is 10% of it ? 20^ ? 50^ ? 

\^%^ 16|^? 4a^? 11^? 15^? 7^? 6^? 4^? 
i^? i^? *^? 100^? 200^? 150^? 

h%> or i per cent, is J on a hundred, just as 2% is 2 on a hun 
dred. At ^% the rate is .005. 

9. Whatra/ei8|^? |^? i^? H^? f^? |^? 

t% is at the rate .00|, or .006. %% is at the rate .OIJ, or .015. 
The per cent being J, the rate is .00J-. f % is at the rate .0075. 

10. What is b% of 146 yd. f Of 3470 lb, ? Oil mi. ? 

11. What is 10^ of 1257 ? Of $75.40 ? Of $1 ? 1100 ? 

12. What is 1% of 258 apples ? What 11^ ? 25^ ? 

To Obtain any Required Per Cent of a Number. 
240. Rule. — Multiply the base by the rate. 

N. B. — The rate should always be expressed in the most con- 
venient form, not necessarily in the form of a decimal fraction. 
Thus to find 33^% of $360, we would not multiply by .33^, but by 
J, i. €., divide by 3. But to obtain 7% of any number, it is most 
convenient to multiply by .07. Again to find 25%, we would divide 
by 4, which is the same as multiplying by .25. or }. 



Show the following to be true : 



13. 5% of 780 = 39. 

14. 12^ of 475 yd. = 57 yd. 

15. 10^ of 860 trees=86 trees. 

16. 35^ of 1840 = 644. 

17. 33i^of|234.54=$78.18. 

18. 45^ofl8f=8.43|. 

19. 1^ of $348 =$2. 61. 
^0. i% of {i lb. = .12 oz. 
21. 7^ of $47 = $3.29. 



22. Find 6% of $1.75. 

23. Find 6% of $350. 

24. Find 11% of $140. 

25. Find S% of $1. 

26. Find 9% of $100. 

27. Find i% of $0.75. 

28. Find 1^% of If 

29. Find g^ of $1540. 

30. Find 1% of $2500. 
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31. Having 1350, 1 used it in buying grain which I sold 
so as to gain b^%. How much had I then ? 

^% of $350 = $19^. Hence I had $350 + |19.25, or $369.25. 

241. The Amount is the sum of the base and per- 
centage. 

32. If the hose is 784 arid the rate per cent 6, what is the 
amount? Ans., 831.04. 

33. What is the amount of 11260 at 12| per cent ? Of 
$347 at 10^? Of $4.86 at 7^? Of $125 at 6^? 

34. Bought a flock of sheep numbering 350. In one 
season it increased 24^. How many had I then ? Had 
it decreased 24^, how many would I have had ? 

35. Bought 12 crocks of butter weighing 35 lb. each, 
net,* for 19 c. per Z5., and sold it at a profit of 2%. What 
did I receive for the whole ? How much did I gain 9 

36. My house which is valued at $5500, was damaged 
by fire 15^. What was the total damage ? 

37. Invested $3560 in town lots in a new village in 
Kansas. In the course of a year they increased in value 
62}Jg. What were they worth then ? 

38. Bought 20 horses at an average price of $225 each. 
I lost 25^ of them, and sold the remainder at an advance 
of 30^ on the cost price. Did I gain or lose by the trans- 
action? How much ? Ans., I lost $112.50. 

39. What must be the selling price of cloth which cost 
$4 per yard, in order to realize a profit of 10^ ? Of 12|J^ ? 
Of 25%? Of 30%? Of 15%? Of 20%? 

40. At what must calico which cost 6 c. per yard be sold 
in order to reaUze a profit of 8% ? Of |% ? Of 1% ? Of 
2i%? Ofi%? OflJ^? Of5%? Of4i%? 

* This means ezclnslye of the crocks which cootain the hotter. 
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41. Bought a piece of cloth containing 30 yd., at 13 per 
yard. 10 yd. of it were damaged, so that I had to sell it 
at a loss of 60^. The remainder I sold at 20% profit. 
How much did I lose on the whole ? Ans., 13. 



1. Out of a flock of 250 sheep 25 died* What per cent 
of the flock died, and what per cent remained ? 

The first inquiry is the same as " How many hundredths of 250 is 
25 ? " Now 25 is ^ of 250 ; hence ^ of the Hock died. But ,V= AV 
or .10, and 10 died out of a hundred, or 10% of the flock. Again^ 
if 10 died out of 100, 90 survived ; hence 90^ (». e., 90 out of a 
hundred) remained. 

2. What per cent of 520 is 130 ? 

1. What part of 620 is 130 (139) ? 

2. J of any number is how many hundredths of it ? 

# 

3. What per cent of 9 is 3 ? Arts,, Z?^\%. 

4. What part of 600 is 42 ? Then what per cent of 60ft 
is 42? 

5. 12 is what part of 150 ? How many hundredths? 
What per cent ? 

How do you find what part one number is of another? (139.) 
How do you reduce a number to lOOths ? 

6. 28 is what part of 560 ? What per cent ? 

28 is -fiji of 560, or ^. Give analysis as in (139). 
Now -^ of anything is 6 hundredths of it. Hence 28 is .05 of 560, 
or 5% of it. 



7. 5 is what per cent of 11 ? 

5 is ^ of 11, and ^ is ^ hundredths, or 45^ hundredths. 
Hence 5 is .45|^ of 11, or 45^% of it. 
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To find what per cent one number is of another. 

S42. Rule. — Multiply the former iy 100 and divide 
this product by the latter. 

8. 3 is what per cent of 8 ? 

25 

Operation. IM.^ - 371. ,.. 3 ig 371 5^ of 8. 

2 
Explanation. 3 is | of 8 (139), | is klSL^LA hundredths, or 
3^J hundredths. .-. 3 is 87J% of 8. 

9. i is what per cent of 2|^ ? 

Operation. ^5^ = 20. ^ .-. J is 30% of 2 J. (Explain.) 

10. $10.50 is what per cent of *175 ? 

t oo X 10.6 ^MM^e. .-. $10.60 is 6% of $175. 

11. 121.40 is what % of $428? Of $700 ? Of $87.50? 

too X 21.40 _ 2140 _ 24Li 
81.60 ""87.60' 36* 

12. 3 is what % of 12 ? Of 20 ? Of 17 ? Of 6 ? Of 
30? 

13. $37 is what % of $185 ? Of $46.25 ? Of $37 ? 

243 « Note. — In such proUems* the Base and the PERCEirrAGB 
a/re given. Hence to find the Rate {not tfie bate peb cent) we sim- 
ply have to dimde the Percentage by the Base, since by (240) the 
percentage is the product of Base and Bate. The rate x 100 = the 
rate per cent. 

14. What per cent of $240 ia $16.80? $27.60? $13.80? 

Ans,, 7, 11^ and 5f^. 

15. What per cent of i is I ? ^? -^f i? i? 

Ans., 30, 64f, 12^, 16|, 50^. 

16. What per cent of 125 is 125 ? 250 ? 375 ? 150 ? 

Ans., 100, 200, 300, 120^. 



♦ Teacher explain what ie meant by this word "proWem." 
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17. The standard for gold coin in the IT. S. is 9 parts 
pure gold and 1 part alloy. What % is alloy ? What % 
is gold? ^w^., 10^ alloy, 90^ gold. 

18. If I buy cloth at $5 per yard and sell it at $5.50, 
what % profit do I make ? That is, $.50 is what ^ of $5 ? 

^^^^•^^ = 10. I make 10 fo profit. 

19. K I buy land at $27 per acre and sell it at $36, 
what ^ do I make ? What if I sell it at $30 ? At $90 ?* 

Ans., 33^, m, 233^ 

20. A fruit grower shipped 300 baskets (pecks) of peaches 
to Chicago ; but on the way 75 baskets spoiled. What % 
did he lose? What ^ was left .?^ 



21. When I sell goods at H their cost what % profit do 
I make ? 

I make a profit of ^ the cost, i. e. on every $1 spent in buying I 
make ^ of a dollar. Tke question then is, " i is what fo of 1 ? " 

Ans.y 25 fo. 

22. When I sell goods at | the cost what ^ do I lose ? 

The loss is ^ of the cost. Then the question is, '' ^ is what f? 
of 1?" 

23. When I seU goods at twice the cost, what ^ do I 
make ? When at 1-^ the cost ? At 1^ the cost ? At 2^ 
the cost ? Answer to last, 150^. 

24. What % is made by buying tea at 80 cents per pound 
and selling it at $1 ? At90t?.f At 85 c. f At $1.10? 

These questions are equivalent to, "What % of 80 is 20? 10? 
5? 30?" Why? 

25. Bought a span of horses for $575 and sold them at 
$650. What ^ did I make ? Ans., 13-^%. 
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26. Bought a house and lot for $11500 and sold 
them at $13640, after having expended $350 in repairs. 
What ^ did I make ? 

Ans., 15t^^, or a little more than 15^^. 

27. A merchant marked prints which cost him 7 c. to 
be sold at 9 c. What per cent advance on cost was this ? 

Ans.y 28^^. 

28. Bought 2560 lb. of coffee at 31 c. per pound, and 
paid $1,50 per hundred for freight and $1 for cartage. 
What ji^ did I make by selling it at 45 c. per pound ? 

Ans., 38^+. 



1. By selling cloth at $5.50^er yd. I make 10^ on the 
cost. What was the cost ? 

$5.50 is the cost +10%, i. e., it is -^ =^A Diore than the cost, 
or 1^ times the cost. Now if $5.50 is 1-^^, or \^ of the cost, ^ of 
the cost is ^ of $5.50, or 50 c, and fj is 10 times 50 c, or $5.00. 

2. By selling a horse for $230 I lost 8^ on the cost. 
What was the cost ? 

$230 is the cost — S%,*i. e,, it is j^ =r -^, less than the cost, or 
il — A = ft 0^ the cost Now if $230 is |f of the cost, 
^V of the cost is ^ of $230, or $10, and |f is 25 times $10, 
or $250. 

Note — If desired let the student write a rule for finding the 
Base, when the Amount, or the Difference between the percentage 
and the cost, and the % are given. It is the purpose of this 
treatise, however, to lead the pupil to depend upon his ability to 
analyze the problem, rather than upon a rule. 

3. What was the cost of cloth marked %'dM peryd.y this 
being 15^ advance on the cost? 

4. A merchant having marked down his goods 33^^ 
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from his usual retail price, which was 20^ advance on 
cost, what was the cost of an article now marked 
20 c.? 

20 c, was 33^%, or \ less than the regular retail price. Hence 
20 c, was f of the regxilar retail price. If 20 c. was f of this price, 
\ was ^ of 20 c, or 10 <;., and § was 3 times 10 c. or 30 c. Again, 
30 e.f the regular retail price, was 20^, or | advance on cost, and 
hence was 1^, or f times the cost, etc. 

5. A merchant who had marked a certain lot of goods 
to sell at lh% advance on cost, in consequence of a rise 
in the market, marked them up b% on the former retail 
price. At what ^ advance on cost were they now 
marked? Arts,, 20}^. 



All questions in simple percentage can be solved bj the three 
formulas^ = &r, J. = 6 + 5r = 6 (1 + r), and i> = & — &r =6 (1 — r) 
in which p is percentage, & base, r rate, A amount, and D differ 
ence, %, e., the difference between the base and percentage when 
there is a loss. 

p = hr, means that Percentage = base x rate ; hence base = Per- 

centage -f- rate, or 6 = -. So, also, T =^. 

T o 

A A 

From J. = 6 (1 + r), we have & = ., . . and 1 + r = -j- , or 

So also D = 6 (1 — r), gives b = .; , and 1 — «t = _, ©p 

Teachers who prefer it can point out these 2fine Cases, and show 
the pupil how the three formulas first given solve them all. The 
author's opinion is that for common arithmetical work the better 
way is to train the pupil to look at the nature of the problem. 
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and from a clear perception of the essential relations analyze 
it. This is what practical men call the Common Sense Method^ 
and it is the one such men always use. 



JIfiscellaneous Exercises* 

1. From what price can I fall 33^^ on goods which 
cost 13.20 per yard, and still make 20^ ? 

2. At what must I purchase nails by the keg (100 ZJ.) 
to sell them at 5 c, 'per lb. and make \h% ? 

3. I have marked goods which cost me $2.50 per yd. 
to sell at 25jg advance. What % can T fall on this selling 
price and make 20 J^ on the cost ? 

4. A grocer by retailing sugar at \%\ c. per lb. made 
10^ on the cost. What was the cost per bbl. of 
200 lb.? 

5. If by selling nails at 6 c. per lb. I lose 4^, will I gain 
or lose by selling at 7 c. ? What % on cost ? 

6. A real estate dealer charges me b% for selling my 
farm of 320 acres at $58 per acre. How much do I 
receive for the farm ? 

7. A grain dealer sells 2000 bu. of wheat for me, and 
pays me $2450, his commission for selling being 2%. At 
what price per bushel did he sell it ? 

8. At what must I buy boots by the case (1 doz. pairs) 
to make \h% and sell at $4.60 per pair ? 

9. OoflTee which cost me 14 c. per lb. I sell at 6 lb. 
for $1.00. What ^ do I make ? 

10. After buying a bill of goods amounting to $650 
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on 3 mos. credit, I find I am able to pay cash down, 
and my creditor takes $617.50, What ^ does he abate 
(discount) ? 

11. If tea at 75 c. per lb, gives a profit of 20^, what 
would it yield at 56^ c. ? What at 50 c. ? What was the 
cost? 

12. Being in New York city and having a Draft 
from a bank in Omaha upon a bank in Chicago for 
12500, I present it at a New York bank, and they 
give me 12493.75. What ^ does the bank in K". Y. deduct 
for collecting ? 

13. What ^ does a man make who sells a horse 
for $100, which was given to him ? What if he sells 
it for $250 ? 

14. Owning f of a factory, I sold 16|^ of my interest 
for $800, which was considered to be 10^ less than 
its real value. What was the estimated value of the 
factory ? 

15. What ^ is made by buying berries by dry measure 
and selling at the same price pef quart liquid measure ? 
What ^ is lost if I buy by liquid measure and sell by dry, 
at the same rate per quart ? 

16. A druggist buys a certain drug at $11,00 per lb. Av., 
and sells it at $1.00 ^er oz. Apothecaries Weight. What ^ 
profit does he make ? 

17. How must an article be sold by the dram (Apothe- 
caries) which cost $5.00 per lb, Av, to make 50^ 
profit ? 

18. I made $1750 in a certain business in 1876, which 
was 15^ more than I made in 1875. How much more 
did I make in '76, than in '75 ? 



\ 
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19. A bankrupt's assets were found to be $33,000, and 
his liabilities 186,000. What ^ can he pay ? What will 
a creditor receive whom he owes 1650 ? 

20. I receive $850 on a claim of $1250 against a bank- 
rupt estate. What ^ does the estate pay? If the 
liabilities are $95,000, what are the assets ? 

[For farther exercises in simple percentage, including the 
ordinary problems in Commission, Brokerage, Bankruptcy, Cus- 
toms, etc., see the Genebal Review closing' Sec. V,, and the 
Hand-book, pp. 130-136, and 156-164.] 



SECTION n. 

IJiTEBEST. 



1. Mr. Smith lends me 1250 for a year, and I agree to 
pay him back the 1250 at the close of the year, and 6^ 
additional for the use of the money ? How much do I 
pay for the use of the mpney ? How much do I pay Mr. 
Smith in all at the end of the year ? 

Answer. For the use of the money I pay $15. In all 
I pay $265 at the end of the year. 

244. Interest is money paid for the use of money.* 

245. The Principal is the sum for the use of which 
interest is paid. 

It will be seen that Principal corresponds to Basey as heretofore 
nsed, and Interest to Percentage. So also the Amount is the sum 
of principal and interest. 

* Ab the basis od which interest is computed is always money, it is not deemed 
best to cumber the definition with any allasion to anything else. 
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246. Simple Interest is interest which is considered 
as falling due only when the principal is paid, or w^hen a 
partial payment is made. It is usually reckoned at a cer- 
tain per cent per annum (year). 

According to this principle, viz., that the interest does not fall 
due till a payment is made on the principal, no interest is allowed 
on accrued interest. 

1. What is the simple interest on $125 for 3 yr. at 7^ 
per annum ? What the amount ? 

Operation. 

$125 Explanation.— Since 1% is .07 of the principal, the 

Jzl interest for 1 yr, is $135 x .07, or $8.75 ; and the interest 

3 for 3 ^r. is 8 times the interest for 1 yr.^ or $8.75 x 3 = 

$ 26^5 $36.25. The amount being the sum of principal and 

135.01) interest is $151.25. 
$151.25 

2. What is the interest on $250.60 for 2J^ yr. at 10^ per 
annum ? What the amount ? 

Interest, $62.66; Amount, $313.25. 

3. If I borrow of Mr. White $325 for 1 yr, 8 mo. 15 da. 
at 7^, what shall I have to pay him at the expiration of 
the time ? 



30 
12 



15^ da. $325 

8.5_^ mo. '^'^ 

"Trofti liT 22.75 

1. < ws yr. x708t Tijg interest for 1 year is $22.75, 

758 and 1 yr. 8 mo. 15 da. = 1.708^ yr. 

1 ft 900 
15 925 Hence the interest for 1 yr. Smo. 

22 75 and 15 da. is $22.75 x 1.708f 

38.86 458 
825._ 

$363.86 



i 



258 



BUSINESS MULES. 



To Compute Simple Interest. 

247. .Rule. — Multiply the principal by the rate^ and 
this product by the time in years. 

To find the amount, add the interest to the principal. 

In multiplying by the time we may either reduce the months and 
days to decimals of a year, or take such aliquot parts of the interest 
for 1 yr, as the months and days are of 1 yr. 

4. What is the amount of 1325 at 1% per annum for 
1 yr. 8 mo. 15 da. ? Solve by taking aliquot parts of the 
interest for 1 yr. 

$325 
.07 

$22.75 Int. for 1 yr. 

11.375 Int. for 6 mo. = J int. for 1 yr. 

3.792* Int. for 2 mo. =1 int. for 6 mo. 

.948 Int. for 15 da. = ^ int. for 2 mo. 

Int. for 1 ^. 8 mo. 15 da. 



$38.86 

325.00 Principal. 



$363.86 Amount. 

5. What is the simple interest on $150 for 2 yr. 7 mo, 
18 da. at 6% per annum ? 



By Aliquot Parts. 



$150 
.06 

9.00 
2 



For 1 yr. 



18.00 For 2 yr. 

4.50 For 6 mo. (J yr.). 

.75 For 1 mo. 

.375 For 15 da. (J mo.). 

.075 For 3 da. (i of 15 da.). 

$23.70 For 2 yr. 7 mo. 18 da. 



ao 

12 



By Decimals. 
18. $150 

7.6 .06 



2.63t 
9 



9.00 



$23.70 
The interest for 1 yr. is $9. 
And as the given time is 2.63J- 
yr.,we take 2.63 J times 9, using 
9 as the multiplier, as it is more 
convenient. 



♦ Nearer 2 than 1. 
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Note* — ^The method of computing interest by aliquot parts is in 
more general use, notwithstanding that the method by decimals 
usually requires less work. 

Business men who have frequent occasion to compute interest — 
as bankers — ttsually make use of Tables. See next rule. See also 
251, 252, 253, and Appendix V. 

6, What is the amount of $350 for 3 ^r. 10 7no. 19 da. 

at 8^? 

By Aliquot Parts. 



$3 50 




.08 




28.00 




3 




84.00 




14.00 




7.00 




2.33334- 




1.16664- 




.23334- 




.0777 + 




$108.81 


Interest. 


350.00 




$4d8.81 


Amount. 





By Decimals. 


80 


19. 


$350 


12 


10.683 + 

3.8864- 
28 


.08 
$28.00 


31088 

77 72 


• 


$108,808 
350 


Interest. 



$458.81 Amount. 



V 



Solve the following by each of the above methods, and 
observe which is the more expeditious. Find both interest 
and amount : 

7. $235.50 at 10^ for 3 yr. 6 mo. 10 da. Lit, 183.08. 

8. $245.60 at S% for 2 yr. 7 mo. 21 da. Int., $51.90. 

9. $500 at 6^ for 'Zyr. 5 mo. 12 da. Int., $73.50. 

10. $750.50 at 1% for 1 yr. 8 mo. 20 da. 

Amt.y $840.98—. 

11. $436.75 at 6% for 1 yr. 2 mo. 15 da. 

Amt., $463.14-. 

12. $230 at H for 11 mo. 16 da. Int., $13.22^. 
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13. $1385.50 at 15^ for 23 da. Int., $13.28—. 

14. $14.30 at %% for 2 yr. 9 mo. Int., $3.15—. 

15. $325.25 at ^% for 2 yr. 9 mo. 12 da. 

16. $2360.25 at 8^ for 7 mo. /w^., $110.14|. 

17. $18.28 at b% for 5 yr. 9 da. Aint., $22.87-+-. 

18. $87.50 at 1% for 3 yr. 3 mo. Amt., $107.41—. 

19. $480 at 15^ for 6 yr. 3 mo. Int., $450. 

20. $18.20 at 5i% for 9 yr, 9 mo. 9 da. Int., $10.23. 

21. $64.50 at 7^ for 2 yr. 16 da. 

22. $725 at ^% for 5 yr. 2 mo. 18 (7a. 

23. $5000 at 1% from May 6, 1875, to July 7, 1877. 
Find the time by sabtracting dates (231). 

24. $81.25 at 6^ from Aug. 6, 1873, to Nov. 4, 1876. 

25. $105.23 at 10^ from June 10, 1871, to Oct. 1,1875^ 

26. $76.42 at b% from May 9, 1874, to Aug. 9, 1874. 

27. $18.00 at 8^ from Aug. 8, 1875, to Aug. 30, 1875. 

28. $5600 at ^% from Apr. 1, 1876, to Apr. 1, 1878. 

29. $43.60 at 3|^ from July 12, 1874, to June 1, 1877. 

30. $150.30 at 10^ from May 8, 1875, to Nov. 6, 1876. 

31. $400 at 10^ from Sept. 6, 1876, to Sept. 6, 1878. 

32. $350 at 12^ from Nov. 9, 1877, to Dec. 9, 1877. 

33. $820 at 1% from Dec. 5, 1876, to July 24, 1877. 

34. $1000 at 1% from Feb. 7, 1870, to Aug. 9, 1876. 

35. $125.41 at 1% from July 10, 1873, to June 10, 1874 

36. $93.25 at 10^ from Jan. 1, 1877, to July 1, 1877. 

37. $48.50 at b% from Oct. 3, 1877, to Jan. 3, 1878. 

38. $150.40 at t% from May 23, 1876, to Oct. 1, 1878. 

39. $741.50 at b^% from Nov. 29, 1875, to Aug. 30, 1877. 

40. $13.50 at 10^ from May 7, 1876, to Sept. 10, 1876. 

41. $250 at 6^ from July 1, 1873, to Apr. 1, 1874. 

42. $450 at b% from Aug. 7, 1875, to Aug. 7, 1877. 

43. $158.23 at 2>% from Dec. 25, 1877, to Sept. 23, 187a 
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44. $354.40 at %% from June 30, 1870, to Nov. 1, 1876. 

45. 1700 at 9^ from May 20, 1873, to Mar. 6, 1875. 

46. $60 at 12^^ from Mar. 17, 1875, to Apr. 6, 1877. 

47. $4000 at h% from Jan. 25, 1872, to Feb. 18, 1874. 

48. $250 at 10^ from Mar. 6, 1872, to Apr. 30, 1873. 

49. $175.50 at 1% from Feb. 7, 1876, to Aug. 11, 1878. 

50. $300 at %% from July 1, 1876, to Jan. 16, 1878. 
[For further exercises and various fonns of noteSy see p. 263, et aeq.; 

«ud for exercises for class drill see Hand-Book, pp. 137-142.] 



To Find the Simple Interest on any Principal by means of 

Interest Tables. 

There are several different volumes of such tables in use by 
bankers and accountants, but the general principle is the* same. 
We have space to give only one page of such tables, and select that 
which gives the simple interest on $1 for any time less than 6 
years, at 5%, 6%, 7%, 8%, 10%, and 12 fo. Such volumes always 
contain tables which enable us to take the interest on any sum 
directly from the table, usually requiring no arithmetical process 
but addition. 

248. Rule. — To find the interest on any sum from 
the following Table, take from the table the interest on $1 
for the given number of years, months, and days, and add 
these results. Multiply this sum by the given principal. 

1. Find from the table the simple interest on $143.25 
for 3 yr. 7 mo. 22 da., at '7% per annum. 

Interest on $1. The Interest on $143.25 is 143} times the 

.21 For 3 yr, interest on $1 ; hence .255 

.0408 For 7 wo. 143J 

.0042 For 22 da. 64 

.255 For S yr. 7 mo. 22 da. 765 

1020 
255 



$36.53 Int. recruited. 



262 



hCSINJSSS RULES, 



12%, 



L 



.12 
.24 
.36 
.48 
.60 



6% 



.01 
.02 

.03 
.04 

.05 
.06 

.07 
.08 
.09 

.10 

.11 



.06 
.12 
.18 
.24 
.30 



7%. 



.005 

.01 

,015 

.02 

.025 

.03 

.035 
.04 

.045 
.03 

.055 



,07 
.14 
.21 

.28 

.35 



.00583 
.01166 
.01750 

.02333 
.02916 

.03500 

.04083 

.04666 

05250 

.05833 
.06416 



.00033 


.00016 


.00066 


.00033 


.00100 


.00050 


.00133 


.00066 


.00166 


.00083 


.00200 


.00100 


.00233 


.00116 


.00266 


.00133 


.00300 


.00150 


.00333 


.00166 


.00366 


.00183 


.00400 


.00200 


.00433 


.00216 


.00466 


.00233 


.00500 


.00250 


.00533 


.00266 


.00566 


.00283 


.00600 


.00300 


.00633 


.00316 


.00666 


.00333 


.00700 


.00350 


•00733 


.00366 


.00766 


.00383 


.00800 


.00400 


•00833 


.00416 


.00866 


•00433 


.00900 


.00450 


.00933 


.00466 


.00966 1 


.00483 



.00019 
.00038 
.00058 
.00077 
.00097 
.00116 
.00136 
.00155 
.00175 
.00194 
.00213 
.00233 
.00252 
.00272 
.00291 
.00311 
.00330 
.00350 

.00369 

.00388 
.00408 
.00427 

.00447 

.00466 
.00486 
.00505 
.00525 
.00544 
.00563 



YEARS. 

I 
2 
3 
4 
5 

MONTHS. 

I 
2 

3 

4 

5 
6 

7 

8 

9 
10 

II 

DAYS. 

I 
2 

3 
4 

5 

6 

7 

8 

9 
10 

II 
12 

13 
14 

15 

16 

17 
18 

19 
20 

21 

22 

23 
24 

25 

26 

27 
28 
29 



10%. 


5%. 


.10 


.05 


.20 


.10 


.30 


.15 


.40 


.20 


.50 


.25 



.00833 

.01666 
.02500 

.03333 

.04166 
.05000 

.05833 

.06666 
.07500 

•08333 

X)9i66 



.00416 
.00833 
.01250 
.01666 
.02083 
.02500 
.02916 

.03333 
.03750 

.04166 
.04583 



.08 
.16 
.24 

.32 
.40 



.00666 

.01333 
.02000 

.02666 

.03333 
.04000 

.04666 

.05333 
.06000 

.06666 
.07333 



.00027 


.00013 


.00055 


.00027 


.00083 


.00041 


.00111 


!ooo55 


.00138 


.00069 


.00166 


.00083 


.00194 


.00097 


.00222 


.00111 


.00250 


.00125 


.00277 


.00138 


.00305 


.00152 


.00333 


.00166 


,00361 


.00180 


.00388 


.00194 


.00416 


.00208 


.00444 


.00222 


.00472 


00236 


.00500 


.00250 


.00527 


.00263 


.00555 


.00277 


.00583 


.00291 


.00611 


.00305 


.00638 


.00319 


.00666 


.00333 


.00694 


.00347 


.00722 


.00361 


.00750 


.00375 


.00777 


.00388 


.00805 


.00402 



.00022 
.00044 
.00066 

.00088 

,00111 

.00133 
.00155 
.00177 
.00200 
.00222 
.00244 
.00266 

.00288 
.00311 
.00333 
.00355 
.00377 
.00400 
.00422 
.00444 
.00466 
.00488 
.00511 

.00533 

.00555 
.00577 

.00600 
.00622 
.00644 



I 
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Solve by the Table the following for both Int. and 
Amt.: 

2. $340 at b% for 2 yr. b mo. 11 da. Int., $41.60. 

3. $28 at 10% for 93 da, (3 mo. 2 da.). Amt, $28.72. 

4. $12.50 at 'S% for 63 da. Amt, $12.68. 

5. $135.37 at 1% for 5 mo. 13 da. 

6. $81.40 at 8^ for 1 yr. 17 da. 

7. $471 at 10^ for 2 yr. 6 wo. 5 da. 

8. $251.13 at 1% for 30 tZa. For 1 yr. 3 w(?, 

9. $125.10 at 12^ for 340 da. For 3 yr. 

10. $2000 at 10^ for 2 yr. For 3 yr. 6 mo. 10 efe. 

11. $57.35 at 1% for 2 yr. 8 mo. 10 t^a. 

12. $145 at %% for 3 yr. 11 mo. 5 fl?a. 

13. $280 at 6^ for 7 two. 16 c^a. 

14. A note * of $65.80, dated Feb. 20, 1868, and bearing 
interest at 1%, was paid June 25, 1870 ; what was the 
amount paid ? A'iis., $76.61. 

Find tlie time by subtracting dates (231). 

15. On the 21st day of January, 1874, for value received, 
I promise to pay to John Jones, or order, f $350, with 
interest at 7^ per annum. 

AUBUKN, Dec. 5, 1869. HeITRY FiSH. 

What was the amount of this note when it became due ? 

Ans., $451.13. 

16. One day after date, for value received, I promise to 

♦ A Note is a written contract by which one party agrees to pay another party 
a specified sum. 

t The wordp " or order" in this connection prevent John Jones from selling 
the note, without putting his name on it, i. e.^ endorsing it. It is then said to 
be ^^ negotiable," and John Jones con be made to pay it, if Henry Fish 
does not 
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pay John Smith, or bearer,* One hundred and twenty-five 
and ^Q dollars, with interest at 10%. 

Rochester, Mich., May 6, 1875. Henry Hoyt. 

What was the amount of this note March 5, 1877 ? 

17. January 6, 1877, for value received, I promise to pay 
Enos Ames,t ^i^® hundred and fifty dollars with interest 
at 7^. 

Perrysburo, Ohio, Mayl, 1875. M. C. Petees. 

What is the amount of this note when due ? 

18. Due Charles Minton, or order. Thirty-six dollars, 
with interest at 6^, value received. 

Weston, Ohio, Apr. 6, 1874. JoHN PiPER. 

What was the amount of this Due Bill, Jan. 15, 1876. 

19. One day after date, for value received, we jointly 
and severally agree to pay Sarah Miner, or order, seven 
hundred dollars, with interest at 7^. 

Chicago, III., June 6, 1875. SoLOMOlS" PiKE. 

James Noah. 
Wnat was the amount of this note Mar. 29, 1877. 

• Such a note as the above is called a "Joint and Several" note, 
and either si^er is equally liable for the entire amount. The 
holder may take his choice as to which he will collect it from, or he 
may proceed against both signers. 

20. Two years from date, for value received, I promise 

* This note is negotiable without bein^ endorBed. Anybody can collect it who 
may chance to have it. But if John Smith or anybody else does endorse it, the 
endorser becomes liable for it. 

t As this note is payable to nobody but Enos Ames, no one else can collect 
it. It is not " negotiable," and Enos Ames cannot sell it even by endorsing it 
This is the common law. There are statutes in some States, as in Ulinois, mak- 
ing such paper negotiable by endorsement. 
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to pay Stephen Ely, or order. Three hundred and seventy- 
five dollars, with interest ? 

Plymouth, Mich., June 7, 1876. Smith PHILLIPS; 

What was the amount of this note when due ? 

What would the amount have been if the note had 
been dated Plymouth, Mass. ? If in Wisconsin ? If in 
Ohio? In Illinois? In Minnesota? In Iowa? (See 
260.) 

21. Sold my house and lot, Aug. 21, 1875, for 15500, 
receiving 2500 cash, and a 7^ note for 3 yr., secured by 
mortgage for the balance. I immediately let the 12500 at 
10% for 3 yr. When both became due I bought a house 
and lot for 18560. How much money besides the avails 
of the house and lot sold did I have to raise ? 

22. Bought a bill of goods amounting to $750, \ pay- 
able in 30 da,^ \ in 60 da., and \ in 90 da., at 6%. What 
was the entire cost of the goods ? 

23. What is the amount of 183.25 at 8% from May 6, 
1861, to Nov. 10, 1870 ? 

At 10% from July 8, 1871, to Apr. 17, 1873 ? 

At ^% from Sept. 13, 1870, to Feb. 13, 1875 ? 



EXACT INTEREST. 

249. The above method of reckoning time, i. e., calling 
12 mo. a year and 30 da. a month, does not usually get the 
exact interest when months and days are involved, since it 
does not get the ezacf time. (See Appendix V., 25.) 



266 . BUSINESS RULES. 

1. What is the exact interest on 1450 at 10^, from May 
25, 1868, to Jan. 8, 1871 ? 

Suggestion.— The exact time (231) is 2yr, and 228 da. The 
interest on $450 for 2 yr. at 10% is $90. For 1 da. it is ^^ of (45» 
and for 228 da, it is f|| of $46, or $28.11-. Hence for the exact 
time the interest is $118.11—. 

2. What is the exact interest on $140.40 from Aug. 29, 
1864, to Nov. 29, 1865, at ^% ? Ans,, $11.43—. 

3. What is the exact interest on $1580 from June 10, 
1874, to Feb. 17, 1875, at 10,^ ? Ans., 109.08+. 

4. What is the exact interest on a $1000 U. S. Bond, at 
5^, from Oct. 1 to May 6 following ? From March 13 to 
Dec. 12 following ? 

In all transactions with the U. S. Government exact interest is 
to be computed. Several States have statutes requiring that a 
day be reckoned yjy, not ^iTT ^^ ^ year. The only safe way to 
reckon interest, if the case is likely to come to legal test, is to 
reckon the entire number of years and the exact number of days 
over, calling the latter 365ths of a year. 



Compute the exact interest 


on the following and 


find the amounts : 








Date. 


Principal. 


%■ 


When Due. 


5. May 10, 1876, 


$45.25, 


t, 


Aug. 8, 1877. 


6. Sept. 20, 1876, 


$82.10, 


8, 


June 5, 1877. 


7. Feb. 10, 1876, 


$125.80, 


6, 


May 11, 1877. 


8. Jan. 1, 1871, 


$530.00, 


% 


Nov. 10, 1873. 


9. April 7, 1874, 


$1000.00, 


6, 


July 17, 1876. 


10. Aug. 13, 1876, 


$250.00, 


10, 


Mar. 19, 1877. 


11. May 1, 1876, 


$125.00, 


7, 


Sept. 6, 1876. 


12. Aug. 17, 1875, 


$35.50, 


10, 


Sept 21, 1875. 



KoTE.-— It is the custom of some' to reckon the entire calendar 
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months ^ do ttiliny 12ths of a yed.r, and the odd days as 865th8. 
The above examples can be used as an exercise in this method if 
desired, comparing the results with those obtained in the former 
way. For further class drill see Hani>6ooe, pp. 142, 143. 



' BANKER'S METHOD. 

250. Bonkers^ and sometimes other business men^ 
reckon interest on short time paper by counting the 
exact number of days, adding 3 days grace (See 259), 
and calling these days 360ths of a year. This is 
done by taking the number of days + 3 and using 
the Tables, — the tables in most common use being 
computed on the basis of a day as yj^^ of a year.* 

1. By the banker's method, what is the amount of a 
7% $350 note dated May 11, 1876, and nominally payable 
Sept 10, 1876 ? What by the common method? What 
by the method of Exact Interest ? 

The interest for 1 yr. is $24.50. 

By the Banker's Method the time is 125 da.^ or ^f of a year, and 
the amount is $358.51— . 

By the Common Method the time is 8 mo, 29 dcu, and the amount 
is $358.10+. 

By the Exact Method the time is 125 do., or ||f of a year, and the 
amount is $858.39—. 

2. For value received, I promise to pay George Van 
Horn, or order, $500, Nov. 6, 1877, with interest 
at 10^. 

PoKTiAC, Mich., June 1, 1877. Amos White. 

What was the amount of this note at maturity, by the 
Banker's Method ? 

Date of Maturity, Nov. 9, 1877, Amount, $522.36. 

« The General Qovemment and the State of New York require that a day be 
coneidered %U of ^ 7^i^« See Appendix V., 24r27« 
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3. Date of note July 25, 1876, principal $250, rate p^r 
cent 6, nominally due Feb. 15, 1877. Find the amount 

' by the banker's method. 

4. Same as above, with date Feb. 6, 1877, principal 
1180.50, 1%, nominally due June 21, 1877. 

5. Same as above, with date Oct. 18, 1876, principal 
*600, rate 8^, nominally due March 1, 1877. 

6. Same, with date Nov. 10, 1876, principal 1425.75, 
rate 5^, nominally due May 25, 1877. 

7. Same, with date Aug. 28, 1875, principal $850, 
rate 10^, nominally due Feb. 3, 1878. 

Amount, $1058.25. 

When the time is more than 1 yr. the entire years are treated in 
the ordinary way. 

8. Same, with date July 27, 1874, principal $382.40, rate 
7^, nominally due Sept. 17, 1876. 

9. Same, with date Aug. 12, 1876, principal $730, rate 
i%y nominally due Nov. 21, 1877. 

10. Same, with date Jan. 1, 1877, principal $450, rate 
7^, nominally due, Aug. 15, 1878. 



OTHER METHODS. 

2B1. The Six Pee Cent Method. — When the time 
is to be reckoned in the common way {i, e.y 12 mo,=il yr., 
and 30 da, = 1 mo.), call ^ the number of months cents, 
and I the number of days mills, and the sum will be the 
interest on $1 for the given time at Q%, 

The reason for this is evident, since at 6% the interest on $1 for 
1 yr. is 6 c, or J c. per mo. Again, as the interest on |1 for 1 mo. is 
5 milli, it is i mill for every 6 days ? 
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Ex. What is the interest on $24=5.50 at 6^ for 2 yr, 
7 mo, 21 rffl. ? 

\ the months is 15.5, and | the days 3.5. Hence the interest on 
$1 for the time at 6% is |0.1585. Multiplying this by 245} gives 
$38.91, the interest required. 

NotE. -^Having the interest at 6%, that at 5^ can be obtained by 
deducting \ of the Interest at 6%, at 7fo\>y adding J, at 4^ by 
deducting J, at 8% by adding J, etc. ' 



252. The One Per Cent Method. — Remove the deci^ 

mal point in the principal 2 places to the left. Multiply 

this result iy the rate per cent, and the time. 

Moving the decimal point 2 places to the left gives the interest 
on the prindple for 1 yr. at 1 % . Multiplying this by 6 gives it for 
^f etc. 

Ex. Solve the above example in this way: 

Interest for lyr. at 1 % , $2,455 

6 






lyr. at 6^, $14.73 



2 yr. 29.46 

" ^mo. 7.365 

" Imo, 1.227 

" 10 da, .409 

" 10 da, .409 

" " Ida. ,041 



u 



"2yr.7?W(?.21(Za.$38.91 



By Decimals.— The time is 2.64^ yr. Hence we 



$14.73 
2.641 



245 

multiply the interest for 1 yr, by the number of 5892 

years. 8838 

^ 2946 



$88.9117 



263. By Cancellation.— Fn7e the continued pro- 
duct of the principal, the rate per cent, and the tirne in 
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daysy for the numerator of a fraction^ and 100 x 360, 
or 100 X 365, for the denominator. In performing the 
operation, cancel as much as pmcticable. 

Fop $245.50, at 6^, for 7 mo., containing 312 days, the solution 

V .V, .v ^ ,. ^ 245.5x6x212 245.5 x. 108 

by this method would be = = $26.02. 

N. B.— For special, expeditlouB metbode obtained in this way, see Afpsn- 
DixV. 



COMPOUND INTEREST. 

264. Compound Interest is interest considered as 
falling due at regular intervals of time, and to be 
reckoned as increasing the interest-bearing debt from 
such times. 

This method of reckoning interest allows interest on interest 
accrued, and hence the term compound, meaning interest on 
interest 

1. What is the amount of $250 at annual compound 
interest for 3 years, at 7^ ? 

Operation. 

$350 Ist Prin, 
.07 



24.50 Int. for 1 yr. on 1st Prin. 
850.00 1st Prin. 



$374.50 Amt. for 1st yr., or 2d Prin. 
^ 

26.2150 Int. on 2d Prin. 
374.50 2d Prin. 



$400,715 Amt. of 2d Prin. for 1 yr., or 8d Prin 

m 

9805005 Jr/^ on 3d Prin. 

400.715 3d Prin. 

$428.76 Amt, at end of 8d year. 
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ZizplanatioxL — ^As tlie interest is considered as falling due at tlie 
end of each year, at tlie end of the first year the debt is $874.50, 
This is, therefore, to be on interest for the next year. Again, as the 
interest on this for a year, $26,215, falls due at the end of the year, 
it is added to the principal for this year, and makes the interest- 
bearing sum for the 3d year $400,715. This sum on interest for a 
year amounts to $428.77, which is therefore the amount of $250 on 
compound interest for 3 yr. at 7%. 

2. What is the amount of $152 at semi-annual com- 
pound interest for 2 years at Q% per annum ? 

Operation. $152 
.03 

4.56 

15?__ Explanation. — As the interest is considered 

Ao *^ falling due at the end of each J year we 

Aonexi compute the interest for J a year and then add 

156.56 it to the principal, thus making a new prin- 

161.257 cipal for the next \ year. Instead of multi- 

•^ plying by .06 in this instance, and dividing 

iftti^? *^^ product by 2 to get the interest for J a 

166 095 y^^^i we simply multiply by .03, which gives 

.03 the same result. 

4.98285 
166.095 



$171.08 

266. Rule. — To compute Compoimd Liierest, reckon 
the interest on the principal for the first interval of time, 
add it to the principal^ and consider this as a new prind- 
pal for the next interval, etc. 

Or, Find frcyin the interest Tables the amount of $1 
for the given rate and time and multiply this by the given 
principal. 

The result thus found is the Amount. Tlie Compound 
Interest is the remainder after the first Principal is sub- 
tracted from this amount. 
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Compound Interest Table. 



yr. 

I 

2 

3 
4 
5 

6 

7 
8 

9 

lO 


3%. 


4%. . 


4i%. 


S%' 


6%. 


7%. 


1.030000 
1.060900 
1.092727 
1. 125509 
1.159274 


1.040000 
1. 08 1600 
1. 124864 
1. 169859 
1.216653 


1.045000 
1.092025 
I.I4II66 
I.I925I9 
I.246I82 

1.302260 
1.360862 
I.422IOI 
1.486095 

1.552969 


1.050000 
1. 102500 
1. 157625 
1.215506 
1.276282 


1.060000 
I. 123600 
1.191016 
1.262477 
1.338226 


1.070000 
1. 144900 
1.225043 
1.310796 
1.402552 


1. 194052 
1.229874 
1.266770 

1.304773 
1.343916 


1.265319 

1.315932 
1.368569 
1.423312 
1480244 


1.340096 
1. 407 100 

1.477455 
1.551328 
1.628898 


1.418519 
1.503630 
1.593848 
1.689479 
1.790848 


1.500730 
1.605781 
1.718186 
1.838459 

1.967151 



224972 
112486 
837458 
449944 
224972 



3. Find the amount of $243.12 at annual compound 
interest for 3 yr. at 4^, both with and without the use of 

the table. Also the interest 

$1.12486 
By the Table.— Amount of $1 at A.% for 243.12 

8 yr. Now |243.12 amounts to 243.12 times 

as much as $1, or $273.48. 

Hence the interest is $273.48 - $243.12 = 

$30.86. 

$278.4759682 

Find the compound interest of the following sums for 
the respective times and rates, both by the use of the table 
and without it 

4. $340 for 2 yr. compounded semi-annually at 6^.* 

5. $100 for 7 yr. at ^%. Amt, $136.09. 

6. $230 for 6 yr, at 8%. At 5%- At 4^. 

7. $125 for 3 yr., compounded quarterly, at 12^. 

8. $270 for 4 yr., compounded semi-annually, at S%. 

9. 1250 for 3^ yr,, compounded semi-annually, at lOj^ 



* This meane, '"■ at ^ per annnm/* but compounded (i e, interest added to 
principal) every G mo, ; hence it is the same as 8j( for 4 years, or |42.(n 
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10. What is due on a note of $200 bearing semi- 
annual compound interest at 9^, 2 yr. 10 mo. from 
date? 

Suggestion — For %\ yr. the amount is $249.2364. This is 
then on interest for 4 mo., which makes the whole amount 
$256.71. 

11. What is the difference between the simple interest 
of $500, at 10^ for 3 years, and the compound interest 
on the same sum for the same rate and time ? 

12. What is the amount of $325 at quarterly com- 
pound interest, at 2^ per quarter, for 2 yr. 5 mo, 
10 Ja.? 

13. What is the interest of $540.20, interest com- 
pounded semi-annually, at 6% per semi-annum, foi 
4 years ? What is the difference between this and the 
interest compounded annually at 10^ ? 

14. What is the difference between the interest of 
$100, compounded quarterly at Q% per annum, for 2 yr.y 
and the simple interest of the same sum for the same 
time at 7^ ? 

15. What is the compound interest of $480 at b% per 
annum, from May 6, 1873, to July 13, 1875 ? 

16. What is the amount of a note for $500 Jan. 15, 1877, 
which draws %% semi-annual compound interest, and is 
dated Aug. 18, 1874 ? 

The laws of the States usually do not allow the collection 
of compound interest. In some States such notes as the above 
would be collectible with simple interest, while in others the 
taking of such a note would forfeit all interest, and in other 
States it would entail a still heavier loss, in some, even the entire 
debt. 
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ANNUAL, SEMI" ANNUAL, AND QUAR^ 
TEBLY INTEREST. 

266* Contracts are often made in which it is agreed that the 
interest shall be paid annually, semi-annually, or even quarterly. 
This is, in fact, compounding the interest thus often ; but if the 
payments of interest are not made as they fall due, the general rule 
is that only simple interest can be collected, although the statutes 
of some of the States allow simple interest on the deferred payments 
of interest. See Appendix V. , 26. 

1. On a note for $150 bearing annual interest at l%y the 
debtor had neglected to pay the interest for 3 yr. Allow- 
ing simple interest on the deferred payments, what was 
then due on the note ? 

Suggestion. — At the end of 1 yr. |10.50 of interest fell due. 
This being deferred 3 yr., at 7%, would amount to $11.97. At 
the end of the 2d year another $10.50 of interest fell due, which 
would be on interest 1 yr., and would amount to $11.24. At 
the end of the 8d year another $10.50 of interest fell due. Hence 
at this time there was due in aU, $150 + $11.97 + $11.24 + $10.50i 
or $183.71. 

2. On the same principle as in the last, what is 
due on a note for $525, bearing Q% annual interest, 
the interest payments having been deferred 4 years ? 

Am. $662.34. 

3. On the same principle, what is due on a $275 10% 
note, interest payable semi-annually, but deferred 3 yr. 
8 mo. 17 da. ? 

4. As above, what is due on a $100 8^ note, interest 
payable quarterly, but deferred 1 yr. ? 

5. As above, what is due on a note for 1200, annual 
interest at 10^, deferred 10 years ? 
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Olwerve that tlie interest upon tJie interest deferred is 9 yr, on the 
first year's mterest, 8 yr. on the second, 7 yr. on the third, eta ; 
that is, 9 + 8 + 7 + 6+5 + 4 + 3 + 2 + 1=45 years interest 
on 1 year's interest, or $30. This is $90. To this add the 
simple interest $200, and we have the amount, $200 + $200 
+ $90 = 



Find the amount due on the following sums at 
the respective rates and times, the interest considered 
afi deferred : 

6. $350, 7^, annual, for 3 yr. 5 mo. 10 deu 

7. $820, 6%y semi-annual, for 3 yr. 9 mo. (See below.) 

8. $85.30, 6%, semi-annual, for 1 yr. 10 mo. 

9. $250, 4^%, annual, for 5 yr. 8 mo. 12 da. 
10. $500, 10^, semi-annual, for 2 yr. 7 mo. 

The 7th gives 2}% interest on $20.50 for 61 + 5^ + 41 + 31 
+ 21 + 14 + 1 = 241 periods of 6 mo. each, t. e., $12.56 as the 
interest on the interest. To this add the amount of the $820 
at simple interest for the entire time and we have $973.75 + 
$12.50 = $986.31. 



SAVINGS BANK INTEREST. 

267. Savings Banks are banks organized for the 
purpose of receiving deposits in small sums, and allowing 
the depositors interest on the same. Interest is usually 
reckoned on the following principles : 

1. Some savings banks ^ compound the interest on 
deposits, i. e., give the depositor credit for it> quarterly, 
some semi-annually, and some annually. 

2. Some banks reckon the interest for each month 
in one of the above periods on the smallest balance on 
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deposit during that month/and call the sum of these 
monthly interests the interest for that period. Others 
reckon the interest quarterly on the smallest balance on 
deposit during the quarter, and call the sum of these 
interests the interest for the period. 

3. No interest is allowed on money drawn out during 
a period for the antecedent part of that period. 

1. A sewing woman opened a savings account on 
Jan. 1, 1875, and deposited $15 Jan. 1, 1875, and 
a like amount on the first day of each month during the 
year. The bank allows b% ])er ann,, reckoning the interest 
on monthly balances and compounding it quarterly. How 
does the account stand at the close of the year if the 
woman has drawn nothing out ? 

At the end of the 1st quarter she would have to her 
credit |45.375, the .375 being 6 mo. interest on f 15, i. e,, one 
$15 the first mo,, two the second, and three the 3d. And this 
would be the addition she would make to her deposits by new 
payments each quarter. Hence at the end of the 2d quarter 
she would have to her credit $45,375 with 3 mo. int. + $45,375 = 
$91.32. At the end of the 3d quarter her credit would be 
$91.32 + the int. for 3 mo. + $45,375 = $137.84, At the close of 
the year the account would stand $137.84 + the int. for 3 m^. + 
$45,375 = $184.94. 

2. What would haye been the balance of the above 
account if the rule of the bank had been to allow 
interest on the least amount during each quarter ? 

Ans., $184.17. 

3. What would be the answer to the 1st example if 
the woman had drawn out $20 the 1st of April, and 125 
the first of October ? Ans,y $138.86 ? 

4. What is the balance of the following account 
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July 1, 1876, interest at 5^, compounded Jan. 1, Apr. 1, 
July 1, and Oct. 1, on the least balance for the quarter ? 

Dr. HowAKD Savings Bank in Acct. with E. Smith. Ct. 



1875. 

Mar, 11. 
July 10. 
Aug. 25. 
Nov. 1. 

1876. 
Apr. 10. 



To cash, 



4( 



tt 

H 

n 



tt 



|195 
$75 
$45 
$62 



$43 



00 
00 
50 
50 



50 



1875. 

May 1. 
June 7. 
Sept. 0. 

1876. 

Jan. 1. 
May 10. 



By Draft, 



i< 



(( 



<t 



4( 



*' check, 
'' draft. 



$25 
$50 

$18 



$100 

$27 



00 
00 
45 



00 
50 



There was no interest the 1st quarter ; int, on $120, $1.50, tho 
2d quarter; int. on $121.50, $1.52, the 3d quarter ; int. on $225.07, 
$2.81, the 4th quarter ; int. on $190.38, $2.88, the 5th quarter ; 
int. on $192.76, $2.41, the 6th quarter. 

Ans. $211.17. 

5. What would be the balance of the last account 
if the interest of each quarter was taken as the aggregate 
of the monthly interests on least balances for the 
month? Ans.y $213.13. 

The following form will facilitate such solution : 



Datb. 




Db. 


LST. MO. 

Bal. 


Mo. Int. 


Date. 




Cb. 


1875. 
Mar. 11. 


Cash. 


$195.00 


0.00 


0.00 








April. 






$195.00 


0.81 
0.71 








May. 


• ••>.■•• •• 




$170.00 


May 1. 


Draft. 


$26.00 


June. 







$120.00 


0.50 


June 7. 


4i 


$60.00 


July 1. 


Qr. Int 
Cash. 


$2.02 
$75.00 












July 10. 


$122.02 


0.51 








Aug. 25. 


4i 


$45.50 


$197.02 


0.82 








Sept. 






$224.07 


0.93 


Sept. 9. 


Draft. 


$18.46 


Oct. 1. 


Qr. Int. 


$2.26 


$226.33 


0.94 









Nov. 1. 


Cash. 


$62.50 


$288.83 


1.20 

















6. What would be the balance of the above account if 
the interest on the monthly balances were credited 
July 1, and Jan. 1 ? Ans., $213.07. 
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FABTIAL PAYMENTS. 

258. It frequently happens that a debtor does not pay 
bis note all at one time. In such a case^ whatever is paid 
at any time is endorsed (credited) on the back of the note, 
and is called a Partial Payment (or simply, a pay- 
ment). 

There are several methods in more or less general use 
for computing interest on such notes; but the one adopted 
by the IT. S. Court and by most of the States, is the only 
one for which we have space in this treatise. 

This rule is based upon these two principles : 

1. TJie principal can not be diminished until the accrtied 
interest is paid j 

2. Interest shall not draw interest. 

U. S. Court Rule for Computing Interest on Notes on which 
Partial Payments have been made. 

259. Rule. — /. Compute the interest on the Priticipal 
from the date of the note to tha time of the first payme^it 
If this payment equals or exceeds this interest, find the 
amount and subtract the payment. Treat this remainder 
as a New Principal^ and proceed to the next payment 
Continue the process till the time of settlement is reached. 

II If any payment is less than the accrued interest, add 
such payment to the next, and treat the sum as one pay* 
ment made at the latter date. 

$350. 

One day after date, for value received, I promise to pay 
John Jay, or bearer. Three hundred and fifty dollars ($350), 
with interest at 1!% per annum. 

Rochester, N. Y., May 7, 1808. Amos Ames, 
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On this note there were the following endorsements : 

September 17, 1870, «100 ; 

February 10, 1872, 150. 
How much was due on the note October 25, 1872 ? 

Interest at time oi 1st Payment .... |57.85 

Afl the payment (|100) exceeds tliis, 350.00 

we find the amount ..... $407.85 

and subtract the Payment .... 100.00 

Nem PriTuvpal * $307.86 

Interest on New Principal at the time of the 2d Payment 30.11 
As the payment ($50) exceeds this, we find the amount . $337.96 
and subtract the payment . . . . 60.00 
2^ New Principal ..... $287.06 
Amount of this 2d New Principal from date of last pay- 
ment to Oct. 26, 1872 ..... $302.24 

^. $4:76. Chicago, III., 5^p^. 14, 1869. 

On July 12, 1875, for value received, I promise to pay 
Peter Price, or order. Four hundred and seventy-five dol- 
lars ($475), with interest at &% per annum. 

James White. 

On this note were the following endorsements : 
April 12, 1871, $25 ; August 20, 1873, $150 ; 
November 27, 1874, $100 ; May 1, 1875, $5. 

What remained due on this note at the date of pay- 
ment ? 

Suggestions. — At the time of the 1st payment the accrued inter- 
est was $44.97. If this be added to the principal, and the payment, 
$25, subtracted, part of this interest would be included in the New 
Principal, and hence interest would draw interest, and the 2d prin- 
ciple be violated. Hence we consider the 2d payment, made Aug. 
20, 1873, as $175, and compute the interest on the face of the note. 
$475, up to this date. 
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This is $112.10, and the payments ($175) being greater than the 
accrued interest, we find the amount, $587.10, and deduct these 
payments, leaving as a New Principal |412.10. [N. B.— Each New 
Principal must be less than the preceding, otherwise there will be 
interest on interest.] 

The amount of this New Principal at the time of the 3d payment 
was $443.40, and as this payment, $100, was more than the accrued 
interest, $31.39, our 2d New Principal is $343.40. 

Finally, it is evident, without careful computation, that the next 
payment, $5, 07er 5 mo. from the last, did not equal the interest 
then accrued. iBo we compute the interest on this 2d New Princi- 
pal, $343.49, to the time of settlement, and finding the amount, 
deduct the $5. This leaves the amount due on the note $351.87. 

3. $504. Cleveland, 0., June 10, 1869. 
On demand, for value received, I promise to pay Zenas 

White, or order, Five hundred and four dollars ($504^, 
with interest at 6^ per annum. 

J. A. Kino. 

On this note were the following endorsements : 

Jan. 25, 1870, $84; May 15, 1870, $100; 
Feb. 20, 1871, $200. 
What was due July 5, 1871 ? Ans.y $166.5J. 

4. $450. Louisville, Ky., Jan. 1, 1865. 
Two years after date, for value received, I promise to 

pay to the order of James Jones, Four hundred and fifty 
dollars ($450), with interest at 8^ per annum. 

Randall Wright. 

On the back of this note were the following endorse- 
ments: 

March 16, 1865, $75; Jan. 1, 1866, $100; 
Apr. 4, 1866, $200, 
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What was due on the note at maturity {%, e,, at the time 
it should be paid ? ^n^., $119.77. 

5. Date of note, March 11, 1870; face, 158.50; rate per 
cent, 10; payments, June 5, 1871, $12; Nov. 23, 1873, 16; 
Aug. 7, 1874, $5; Dec. 18, 1874, 120; May 10, 1876, $5; 
how much remained due July 1, 1876? Ans,, $43.12. 

6. On a note of $400, at 7%, there was paid $100 an- 
nually for 3 years. How much remained due 3 i^r. 4 mo. 
from the date of the note ? 

260. Legal Interests— Xe^o^ Interest is the rate per cent estab- 
lished by law as that which is to be implied in an interest-bearing 
obligation in which the rate is not specified. 

In Louisiana the legal rate is . . . . • .5^. 
In the N. E. States, except Conn., N. C, Penn., Del., Md., Va., • 
« W. Va., Tenn., Ky., 0., Mo., Miss., Ark., la.. 111., Ind.,the 

Dist. of Columbia, and debts due the United States. . 6r%. 
In N. Y., Conn., N. J. , S. C. , Qa., Mich., Minn., Kau., and Wis. 7% . 

In Alabama FLor and Texas 8%. 

In Col., Neb., Nev., Or., Cal., and Washington Territory. . 10%. 

In England and France 5%. 

In Canada, Nova Scotia, and Ireland 6%. 

Usury is a higher rate of interest than is lawful. Most of the 
States allow interest above the legal rate, when it is agreed upon 
between the parties and specified in the contract. Thus O. and La. 
allow any rate up to 8% ; 111., la., Mich., Miss., Wis., Mo., and 
Tenn., up to 10%; Minn, and Tex. up to 13%; Neb., 15%; Kan. 30% •, 
Mass., R. I., Flor., Ark., Cal., Nev., Col., any rate agreed upon. 

Of course, in those States where parties are prohibited from 
making a contract for more than a certain rate, Compound Interest 
is illegal, and can not be collected at law. 

Some of the States have special statutes allowing simple interest 
on accrued payments of Annual Interest which have been deferred. 
Such is the case in Michigan. 
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MERCHANT'S BVLE. 

281. It is a common practice with business men to 
treat obligations matnring and settled in a year or less, 
and upon which payments have been made, according to 
the following 

Rule. — Find the amount of the jyrincipal from the date 
of the note to the time of settlement ; find the amount of 
each payment from the time it was made to the tims 
of settlement^ and subtract their sum from the first 
result. 

1. $250.60. Ann Akbok, c/M/y 7, 1876. 

For value received, I promise to pay Stephen Beckwith, 
or order^ Two hundred and fifty, and -^^ dollars, 
April 15, 1877, with interest at 7^. 

Edwakd Snow. 

Endorsed, Sept. 20, 1876, 180.00. 
« Jan. 1, 1877, $50.00. 
" Mar. 13, 1877, 160.00. 
What was the amount due at maturity ? 

Computing the interest by the Banker's Method, L e,, using exact 
time and the common Interest Tables, wf» have : 

Amount of note Apr. 18, 1877, $264.49 

Amt. of 1st Fay't, from Sept. 26 t<^ Apr. 18, $83.27 

*♦ •' 2d " «' Jan. 1 " «' « 51.04 

- « 8d " •• Mar. 13 " ** " 50.85 

Total amount of payments. $18466 

^ Baknce due Apr. 18> 1877. $79.83 

Calling a day yjy of a year, instead of ^irr* makes the interest 
1^ less, or in this case 13 cents less. Hence the amount thus 
reckoned is $70.70, 
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2. Date of note Aug. 23, 1874, principal $420, rate lOj^ 
nominal maturity May 1, 1875; endorsements $100, 
Oct. 15, 1874, $200, Jan. 1, 1875. What was due at 
maturity, reckoning by Banker's Method? What by 
the common method (no grace) ? What by the exact 
method, with grace ? 

Ans.y $137.22, $136.82, $136.98. 

3. $500. Richmond, Jan, 1, 1875. 
Ninety days after date, for value received, I promise to 

pay to the order of Frank H. Eansom, Five hundred 
dollars, with interest at 6^. 

JoHiff^ M. Sabin-. 

Endorsements: January 20, $100; February 10, $50; 
February 25, $100 ; March 1, $150. 

What was due at maturity, Banker's Method ? 

Note mature^ April 4, Amty $104.59. 

4. $400. Buffalo, Jan, 1, 1874. 
One year after date, for value received, I promise 

to pay N. Stacy, or order, Four hundred dollars, with 
interest at 7^. 

M. M. DeYounq. 

Endorsements: March 16, 1874, $200; July 1, $100. 
What was due at maturity ? Ans.y $113.43. 

This result is obtained by reckoning calendar months, and the 
odd days 860ths of a year. The last payment is on interest 6 mo, 
8 da. This is a common method when there is a considerable 
number of even months. 

5. $700. Danbdry, Feb, 17, 1374. 
Si^ months (iftcr da.te, for value received, I promise to 
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pay John Gordon, or bearer, Seven hundred dollars, with 
interest at %%. 

Beceived on the above. May 1^1874, $350. 
" " " June 25, 1874, $200. 

When did the note mature, and what was due ? 

Mte matured, Axxg. 20, 1874; Dtie, $163.Q6. 



6. A buys a house and lot of B for $10,000. He pays 
cash $2000, and gives his note, secured by mortgage, for 
the balance, payable in 4 equal annual installments, with 
annual interest at 7%. At the end of the 1st year A is 
able and willing to pay $3000 besides the interest then' 
due, provided B will allow him 10^ annual interest on 
what he pays above what is due, as money is worth 10^ 
in the market. To this B assents. How is the endorse- 
ment to be made, and what is due at the end of the 
2d year ? 

There should he two endorsements, one of $2566^ specifying 
that it is to cover payment and interest then due, and one of $1000 
with the statement that 10% annual interest is to be allowed on it 
till the next payment falls due. At the end of the 2d year there 
would then be due $1820. 

7. If at the end of the 2d year A pays $4000 on the 
same terms as above, and then pays no more till the note 
matures, what is then due ? 

At the end of the 2d year B is to make an endorsement of $1320 
to balance payment then due, and $2680 on IQ fo till payments falling 
due absorb it. At the end of the 3d year there falls due $2280, 
and the amount of the payment is $2948. This leaves a balance 
$668 of payment unabsorbed, on which 10;^ interest is to be 



PARTTAL PAYMENTS. 285 

allowed for the next year. Tliis leaves the amoant due and 
unpaid at the end of the 4th year |1405.20. 

8. $4000. Detroit, Jan. 1, 1874. 
For value received, I promise to pay C. D., or order, 

$4000 in four equal annual installments, with annual 
interest at S%. 

M. Nil. 

July 1, 1874, Received on the above $500, on which I 
am to allow 10^ interest till the amount is absorbed by 
payments falling due. C. D. 

Jan. 1, 1875, Received on the above $1000, part of 
which is to apply to cancel the balance of payment 
and interest now falling due, and the remainder to 
bear 10^ interest till absorbed by payments falling due. 

Nothing more being paid on this note till its maturity, 
what is due Jan. 1, 1878, allowing simple interest on 
deferred payments of annual interest ? 

Ans., $3516.02. 

9. An $8000 7% note with interest payable annually, and 
principal in 4 equal annual installments, is dated July 10, 
1873, and has endorsements as follows : 

Feb. 12, 1874, $1000, 
July 10, 1874, $2500, 
Jan. 23, 1875, $1000, 
May 18, 1875, $1800, 
Oct. 17, 1875, $1500. 

Interest at 10^ being allowed on all payments made in 
advance, and simple interest on all deferred payments of 
annual interest, what waa due July 10, 1877 ? 
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SECTION in. 

discount: 

262. Discount is a general term used by business 
men to signify any deduction made from a nominal price, 
or value. There are three principal uses of the term as 
illustmted by the three following examples : 

1. I asked a bookseller the price of a certain book. He 
answered : " The list * price is $15 ; but I can allow you a 
discount of 30% " What did he ask me for the book ? 

By a "discount of 80%/* he meant 30% less than $15! 80%, of 
|15 is $4.50. Hence he proposed to seU me the book fo^ $15 >^ 
$4.50, or 110.50. The $4.50 may be called the Commerdd Buepwii^ 

263. Commercial Discount is a deduction from 
the nominal price, or value, of an article. 



2. Desmng to borrow some money at a hank, they tell 

me that they are discounting at 1% a month. How much 
money shall I receive on my note for $200 made payable 
in 2 months ? 

The custom of banks is to require the payment of interest in 
advance, L €., when the note is given, and for TJiree Days more than 
the nominal time. Thus, in this case, 1% per month on $200 for 08 
days is $4.20. Hence they wiU give me $200 — $4.20, or $195.80, on 
my note of $200 for 60 days. Of course I shall have no interest to 
pay when my note falls due. Only the face of the note, $200, will 
be required then. The $4.20 is called the Bank Discount, 

264. Bank Discount is interest paid in advance^ and 

• Req^ar retail price fixed "bv the pnblipher. 
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for 3 days more than the nominal time. These 3 days are 
called Days of Orace, See Appendix V., 28. 

This custom of allowing days of grace has become well nigh 
universal with reference to Btisinesa Paper (obligations for the 
payment of money). The general rule is that a suit at law cannot 
be instituted for the collection of any such paper until 3 days after 
its nominal maturity. Hence, in discounting such paper, it has 
become customary to compute the amount including these 3 days. 



3. I take a note due 2 years hence which will bring me 
at that time $228. I wish to obtain the money on it now. 
What is it worth, the nse of money being worth 7% per 
annum ? 

The supposition is that the use of $1 for a year is worth to me 
$.07, and for 2 years $.14. Hence every $1.14 of the $228 due 2 
years hence is worth to me $1 now. 228 -e- 1.14 = 200. Therefore 
the note is worth $200 now. The $200 is called the Present Worth. 
$228 - $200, or $28, is the Discount. To distinguish this from 
Bank Discount it is usually called True Discount. 

285. True Discount is a deduction made for the 
present payment of a sum of money due at some future 
time. 

288. The Present Worth of a sum of money due 
at some future time, is a sum which, put at interest at a 
rate agreed upon, will in the given time amount to the 
sum due. 

4. I take a note for $300, beaiing interest at 1% and 
due 3 J- years hence. What is its present worth, money^ 
being worth 10^? 

Solution. — The amount of the note at maturity will be $878.50. 
Now $1 at 10^ will amount to $1.85 in the given time. Hence the 
Present Worth of said note is 373.50 -i- 1.85 = 276. 66J, or $276.66}. 

Prool — That this is just appears from the fact that if I retain the 
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note I shall get $873.50 at the expiration of Z\ years ; while if I 
sell it for $276.66} and the money is worth 10% to me, I shall 
realize the amount of $276.66| at 10% for 3 J years, or $373.50. 

6. I take a note for $300, bearing interest at 10^, due 
Z\ years hence. What is its present worth, money being 
worth 1% ? Ans. $325.30. 

The amount due on the note at the end of the time will he $405. 
But as money is now worth only 7%, $1 in hand now will amount 
to $1,245 in the 3^^ years. Hence the present worth is 405-i-1.245. 

That this note is worth more than its face ($300), is evident, since 
it is drawing a IdgTier rate of interest than money is now worth. 

The face of the note is its n>omincd present worth. The differ- 
ence between this and its true present worth is called Premium, 

287. When the True Present Worth of a note exceeds 
the Face of the note this excess is called Premium. 

To find the Present Worth of a Sum of Money due at some 

future time. 

268. Rule. — Divide the sum due at the future date 
ly the amount of $1 at the rate agreed upon for the time 
from which it is proposed to discount the sum till the time 
said sum is due. The quotient is the Present Worth. 

269. The difference between the nominal present value 
(as the face of a note) and the True Present Worth, is the 
True Discount, or Premium., as tl\e case may be. 

6. What is the present worth of a note of $125.60, due 
2 yr. 3 mo. 16 da. hence, without interest, money being 
worth 7^? What the discount ? 

126.60 -^ 1.1604 = 108.16+ , the present worth. Hence the dis- 
count is 125.50 - 108.15 = $17.35. 

7. How much should be discounted for the present 
payment of a note of $1174.32, due in 3 yr. 3 mo., without 
interest, money being worth S%? Ans. $242.32. 
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8. January lith, 1875, a speculator offered me $300 for 
a note of $350, dated May 7, 1874, payable Oct. 21, 1876, 
and bearing %% interest, money being worth 10^. Did he 
offer me the full value of the note ? Ans., $41,194+ less. 

What amount of money would this note yield Oct. 31, 1876? 
What is the present ^MForth of this amount Jan. 14, 1875, at 10^ ? 

9. A merchant bought goods amounting to $4200, on a 
credit of 6 months, without interest. What siim in ready 
money would discharge the debt, money being worth 8^? 

10. A note, $52.25, dated Sept. 12, 1869, and bearing 
10^ interest, will be paid Jan. 1, 1876. What is it worth 

.July 1, 1874, money being worth 6^? Ans. $78.15. 

11. Having bought a bill of goods amounting to $250 
on 90 days credit, the tradesman says to me, *^ For cash I 
could discount you 10^ on this bill." What amount of 
money would pay the bill now f Ans. $225. 

12. If you get your note for $50 discounted at a bank 
for 2 months at 10^ per annum, what are the proceeds^ L e,, 
how much money will you receive on the note ? 

13. On a note for $150 given at a bank for ® ^/g 3* days, 
* at 8^ per annum, what are the proceeds ? Ans, $146.90. 

14. In many banks, as in those of New York city, bank 
discount is reckoned as Exact Interest (349) in advance. 
In such a bank, what is the discount on a note of $5000 
for « «/j 3 days at 10^ per annum ? What if reckoned as 
common interest in advance ? Answers^ $86.30, $87.50. 

Note.— Let the student show that the difference between the 
hank diaoount on a note for * ^/^ 3 days computed as Common Interesi 

pw 1 1 ■ II M M > I ■ ■■ ■ ^ I M ■ ■ I ■ ■ ■ .It (» ■■ I ■ ■■ w I ■ ■■! ■ I ■ ■ ■ ■ ■ ,wmm ■■■■■II ■ ■ ■ 11 I ■ ■ .^, 

* A note giyen at bank for 90 days i^ coneidered as dne any time from 90 to 98 
days from date (though legally only at 93 days) and the time is written thus, • %•• 
80 the time on a note for 80 days is written *Vaa* 
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in advance, and as Exact Interest in advance is nearly j^^ of iihd 
interest on the sum for 1 year. For '^/ss clays it is a little more 
tlian TTJyifinr ; 'or '^ Vqs ^^7^ a little more than xififcrt. 

15. What is the Bank Discount on a note for $250 {B^. 
Int.) at 7^ for «o/^^ ^'^.f por ^V^^da.? At 10^ for 
»V»3«?«.? For 30/3^ e?fl.? 

Observe that taking exact interest gives for ^o/jj 3^^ of the 
interest for 1 yr., while common interest gives s»^. 

16. A note for $6000 was made May 10, 1868, payable 
in six months with interest at 9^, and discounted at a 
bank in Michigan, Oct. 3, 1868, at 7^; what were the 
proceeds ? A ns,, $6225.164 + . 

The Amount due Nov. 13, 1868 (allowing grace), is $6274.50 This 
is discounted at bank for ' */4 1 days, exact interest. 

To find the Face of a Note to be made at Bank in ordet 
to obtain a given sum as Proceeds. 

Ex. 1* I wish to obtain 1500 at bank for '^/^a, and 
they are discounting at 10^. For what amount must I 
draw my note ? 

$1 face of note gives $1.00 - $.01726 = $0.98274 proceeds, since » 
the interest on $1 for «o/e8 at 10% is $0.01726. Hence to obtain 

$500 I must make my note for ^ = $508.78. 

Proof.— If I make a note for $508.78 for «V68> tlie bank will 
deduct from the face of the note the Bank Discount, which is the 
interest in advance. Now the interest for $508.78 for «o/,3 da. at 
10% is $508.78 X ^^ X //y = $8.78. Hence the proceeds of such a 
note are $500. 

270. TiVile.—Fwd the interest of $1 for the given rate 
and time {including 3 da. grace), and deducting this 
interest from $1, divide the sum desired by the remainder. 
The quotient is the face of the note. (See Appendix V.) 
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2. For what must 1 draw my note in order to obtain 
$50 at bank for ^^/gs d<^*y when they are discounting at 
8^? Giveprooi Ans. $50.36. 

3. For what must I draw my note at bank for ^^/^^ da,, 
in order to obtain *1000, when they are discounting at 
7%? ^iVe proof. - Ans. $1018.16. 

4. What is the bank discount on a note for *'/48 da., 
which yields $2500 proceeds, at 9^ ? Ans. $29.94. 

5. A merchant buys a bill of goods which he can have 
at ^y^i da. credit, for $2850, or for $2800 cash. He 
can borrow^ at bank for 8% ; would it be better to do so ? 
What would be the difference ? 

Ans., He would make $10,80 by borrowing at bank. 



Misoeltaneous ExerciseB* 

1. I paid $2.20 for a book on which the bookseller 
allowed me 20^ discount from the retail price. What 
was the retail price ? 

2. A certain article is marked to sell at 25^ advance 
on cost, and the dealer gives me 10% oft from retail 
price, and I pay $6.75 for it. What was the cost ? 

3. I have a 7^ note for $360, dated July 7, 1875, 
and due March 1, 1877. What is it worth Sept 15, 1876 
allowing the purchaser 10^ on his investment ? (Allow 
grace and reckon the time by calendar months, calling 
the exact odd days 360ths of a year.) 

4. June 6, 1878, for value received, I promise to pay 
A. B., or order, $730, with 6% interest 

Gband Rapids, Oct. iO, 1875. C. D. 
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Endorsed, $300, Feb. 20, 1877. 

What was this note worth Sept. 1, 1877, allowing 10^ 
discount ? (Grace and time as in the 3d.) 

Ans., $490.12. 

Find what the note will yield June 9, 1878, by the U. S. Oonrt 
rule, and discount this amount at 10%. 

5. What would the note in the last example yield 
if discounted at bank, Sept. 1, 1877 ? 

Ans., $487-20. 

6. What is the present worth of $5000, due 3 yr. hence 
without interest, discounting at 10^ compound interest.? 

Discounting at compound interest is the same as common discount, 
except that the amount of |1 for the given rate and time is taken 
at compound instead of at simple interest. 

7. I have a $760 note bearing 11% simple interest, dated 
July 3d, 1875, and due March 10, 1878. Feb. 6, 1876, 
Mr. A. proposes to buy it if I will allow him 10^ com- 
pound interest discount. What does he offer me ? 

8. A note for $500, bearing 7% interest, dated June 20, 
1874, and due Jan. 1, 1878, was sold Aug. 16, 1875, 
allowing the purchaser 10^ anntial interest. What did 
the note sell f or ? 

Strictly speaking, the purchaser can not receive annual interest, 
as the note does not yield anything annually. He must, therefore, 
receive the equivalent of annual interest. This is properly 
compound interest, yet It might be construed in the light of 
statutes, to be simple interest on the deferred payments of annual 
interest. 

On the former hypothesis we divide the amount of the note at 
maturity, ($633.06, calendar mo. and exact odd days as d6(Hh8), by 
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the amount of |1 at 10% compound interest, from Aug. 15, 1875, to 
Jan. 4, 1878, or 2j^ yr., 11.257. ^^ = $496.38. 

On the hypothesis simple interest on deferred payments of annual 
interest, we have \ '. = $496.51. 

It will be observed that the difference between the two results 
is quite unimportant, unless the time be long, or the amount 
large. , 

9. What is the difference between the present worth of 
$10000, discounted for 12 years, when 10^ compound 
interest. is allowed for use of money, and when 10^ 
annual interest deferred is allowed ? 

Present worth with comp. int., $3186.31 ; with annual 
interest deferred^ 13496.50 ; a difference of $310.19. 

10. C has a 7^ note for $500, bearing annual interest, 
dated May 30, 1874, and due July 1, 1880. What is it worth 
Jan. 1, 1877, discounting at 10^ annual interest, and 
assuming all payments of annual interest as deferred ? 

Ans. $538.37. 

11. What was the worth of the above note Jan. 1, 
J>cl877, discounting at 10^ simple interest ? 

Am., $556.32. 

12. A 1% note for $360, dated Jan. 15, 1877, and 
payable (nominally) Nov. 6, 1877, has one endorsement 
of $80 March 15, and one of $100 Aug. 1. It is discounted 
at bank Sept. 20, at 10^. What are the avails ? 

Ans., $192.38. 

Find the amount due Nov. 9 by the Merchant's rule. Discount 
this for 50 ^. as ^ of a year. 

13. A (S% note for $300, dated May 1, 1873, and due in 
3 equal annual installments, with annual interest, was 
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discounted at bank discount* by an outside party at 10^ 
on July 1, 1874. What were the avails ? (No grace.) 

The avaUfl of the $118 due May 1, 1875, were $108.17 

i« u H u J112 " May 1,1876, '* 91.47 

'• " " " $100 " May 1, 1877, " 71.67 

Total avaUs, $27L81 

N,B,^^A single principle covers aU such prdtlems as tJie aJxyce, viz.: 
Find what the paper will yield, and when^ and discount these amounts 
for their respectivs times, 

14. An S% note for $3000 with annual interest is dated 
Aug. 10, 1876, and the principal payable $1500 in 2 years, 
and $1500 in 4 years. What is the worth of the note 
Feb. 1, 1878, assuming all payments made as agreed, and 
iiscounting at 10^ by bank discount, allowing grace on 
iill payments ? 

Note yields, 

Aug. 13/1877, $240, Paid before the note was sold. 

Aug. 13, 1878. $1740, Discounted for 6 mo, 12 (2a.' is $1647.20 

Aug. 13, 1879, $120, " " 1 yr. 6 mo. 12 da. is 101.60 

Aug. 13, 1880, $1620, " '* 2 ffr.e mo. 12 da. ia 1209.60 

Total avails, ... $2958.40 

15. Jan. 1, 1877, I took a note for $4000, payable 
in 4 equal annual installments with annual interest 
at 6%. The same day I got it discounted at 10^ 
annual interest. What were the proceeds (common dis- 
count without grace) ? 

* It is quite the cuBtom in maoy parts of the country for '* out-door** parties 
to reckon discount by multiplying the amount to be discounted by $1 ~ the 
Snterest of |1 for the time, instead of dividing $1 + this interest. This is apply- 
ing the method of banks to ordinary outside transactions. 
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TBADE DISCOUNT, 

271. Instead of tlid old method of averaging accounts it is 
now the custom of wholesale dealers allowing their customers 
time, to give them specific times of credit on their various bills, 
these times being 80, 60, or 90 days. Then each house has its 
rules of discounting for payment before due. This may be called 
Trade Discount, and makes it for the interest of the customer to 
pay as soon as practicable. The following examples illustrate the 
practice. 

1. A western shoe merchant buys of a Boston dealer, 
on 60 days time, the following bill, the understanding 
being that if payment is made in 30 da, he shall bay© 
« 2% off," and if in 10 da., Z% : 

2 cases boots $30 * . . $60.00 

3 cartes *^ 196 . . . $288.00 
\ case shoes $90 . . • $45.00 

What amount will pay the bill in 10 da, ? What in 
30 ^a.? 

2. I buy of A. T. Stewart & Co., on 4 mo, time, a bill 
of goods amounting to $500, the rule of the house being 
to allow Q% off if payment is made in 10 da,, and b% if 
made in 30 da. What amount will pay the bill in 10 da. ? 
What in 30 da. ? 

3. I buy $350 on 30 da,, and $500 on 60 da,, and pay 
the former in 10 da, with 3|^ discount, and the latter in 
20 da, with 5^ discount. How much better is this 
than 10^ per ann. for my money for the time I anticipate 
the payments ? 

4. What is saved by paying a 60 da. bill for $1200, 
j^ in. 10 da. at 6% discount, and i in 20 da, at 4% 
discount ? 
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SECTION IV. 

IJfSURAJfCE AJ{D TAXES. 

[The arithmetical principles involved in the ordinary problems 
under these heads are simple applications of percentage, and all the 
special instruction the pupil needs is in reference to the nature of 
the business, and to the technical terms used] 

272. Insurance is a branch of business in which 
companies called Insurance Companies, make contracts to 
pay specified sums of money to other parties, in the event 
of certain losses to which the latter may be liable, the 
company receiving a percentage on the sum guaranteed. 

273. The contract is called a Policy. The sum 
which the party insured pays to the company is called the 
Premium. 

274. There are two principal departments of the 
Insurance Business; viz.^ Fire Insurance, and Life 
Insurance. 

1. An insurance company gives me a contract agreoing 
to pay me f the value of my house in the event of its 
being burned during the year ; for which security I pay 
the company ^% on the amount insured. What is the 
written contract called ? My house being worth 13000, 
how much do I pay for the insurance ? What is this 
called? If my house is burned during the time, how 
much do I receive ? The premium is I12|^. 

2. What is the annual premium on a policy which 
msures a house worth $1^000 for | its value at |^ ? 

4ns. $50. 



INSUBANCW. 297 

3. My bouse is worth $6000. I take out a fire insur- 
ance policy for f of its value, paying ^% annual premium. 
At the expiration of 7^^ years the house is burned. What 
is my actual loes, reckoning money worth 7^. • 

I receive from tlie insurance company $4000. I have paid 8 
annual premiuma of $15 each. On tlie first I compute 7jt years 
interest at 7 %, on the second 6jt, on the third 8^, etc., and on the last, 
\ year's interest. These amounts are $22,875, $21,825, $20,775, 
$19,725, $18,675, $17,625, $16,575, $15,525, or in aU $153.60. Henoe 
my actual loss is $2153.60. Hence I have saved $4000 — $153. 60^ 
$3846.40 by insuring. 

4. A life insurance company gives me a contract in 
which they agree to pay my wife $4000 at my death, in 
consideration of my paying them an annual premium of 
d%. What is my annual payment ? -4w5., $120. 

5. What is the annual premium on a life policy for 
$3500 at ^%^ An8.y $96.25. 

6. A man ta^es out a life policy in favor of his wife for 
$6000 at 2%. He dies at the end of 5 yr. 3 mo. 15 da. 
How much more does his wife receive than the amount 
of his payments at compound interest at 7^ ? 

There were 6 premiums paid, of $120 each. Had these been 
invested at compound interest at 7%, the first, which would 
have been on interest 5 yr. 3 mo. 15 da. would have amounted 
to $171.74 ; the second, on interest 4 yr. 3 mo. 15 da., would have 
amounted to $160.51, the 3d to $150.01, the 4th to $140.19, the 5th 
to $131.02, and the 6th to $122.45. Hence the entire amount of the 
payments had they been put at interest would have been $875.92 ; 
and the widow has $6000 — $875.92 = $5124.08 more than she 
would have realized from the investment of the premiums. 

7. A man takes out a life policy in favor of his wife 
for $5000 at 2^%, He carries * this till his death, which 
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occurs 20| years after he was insured. Does this prove 
better for bis wife than an inyestment of the annual 
premiums at \0% simple interest would have been ? 

Ans,y No: she receives •337.60 less. 

8. My house is worth 11200. I have it insured at \% so 
as to cover f of its value and the premium, if it chances 
to bum within the year. What is the sum named in the 
policy ? What the premium ? 

Of every |1 premium paid how mucli applies on the property, 
and how much to refund premium ? 

9. Same as the above, save that the amount specified 
in the policy is sufficient to reimburse me for -J the 
value of the house, and all the premiums paid with 1% 
interest on them, if the house burns during the 3d 
year, and the company pay at the close of that year. 

10. I insure $6000 worth of property for 3 years, paying 
$42, which includes II for policy and |1 for the survey. 

« 

What must be the amount named in the policy, and 
what the %y in order that in case of loss during the 
2d year I may receive f of the value of the property, 
and 80^ of the premium paid ? 

Ans.y $4832; .83^ nearly. 
' 11. A man at 45 takes out a life policy in favor of 
his wife for $5000 at 2|^. He carries this till his 
death, which occurs 10 years after. How much better 
is this for his wife than would have been an annual 
investment of the premium at ^% compound interest ? 

Ans.y $3078.90. 

[For a clear and simple exposition of the principles on which 
Life Insurance calculations are made, see the author's Scisnce of 
ARrniMBTic. 
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275. A Tax is money recjuired by the government to 
be paid by the people of the country for the support of 
government, or for public enterprises. 

The general theory of taxes Js that they are laid upon property, 
and not upon persons. So it is designed that every dollar's worth 
of property shall bear an equal part of the tax to be raised. Appor- 
tioning the tax to be raised, and determining the value of each 
person's property, is called Assessing. 

There are, however, in some of the States, what are called PoU 
Taxes. A poll tax is usually a small sum (75 c. or $1) required of 
every male over 21 years of age. 

1. In a certain school district the entire property of 
which is valued* at $125,000, a school-house costing 
$5000 is to be built by public tax. How much is assessed 
on a dollar? What is Mr. Smith's school-house tax, his 
property being assessed at $3000? Mr. Jones's, whose 
property is assessed at $4500 ? Mr, White's, whose prop- 
erty is assessed at $10000 P 

If $135000 worth of property is taxed $5000, $1 bears tfAtttt of 
the .tax. Hence the tax on $1 is ^ |g ^go of a dollar, or 4 cents. 
Mr. Smith's tax would therefore be 8000 times 4 c, or $120, Mr. 
Jones's $180, and Mr. White's $400. 

2. The total State tax of Michigan for 1875 was 
$903,434.50. f The total valuation of property in the 

* Such evalaation for the pni-poee of aBseseing taxes is nsnally made at half or 
less than half the actual value of property. 

t This was for puch objects as the support of the State government, providing 
for interest and payments on the State debt, for the various State institutions, 
as the University, Agricultural College, Normal School, State Public School, the 
various asylums and prisons, and for carrying forward the building of the Sti^te 
Capitol 
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State was $630,000,000. . What was the State tax on II 
valuation? What would a man's State tax be whose 
.property was valued at $2000 ? 

Am., Tax on II about IJ mills; on 12000, I3.00* 

3. In a certain village the taxes were, for State purposes 
1^ mills on II, for county purposes J mill on II, for school 
3 mills, for township purposes 2 miUs, for corporation 
(village expenses) 2 c. What were a man's taxes whose 
property was listed (put on the tax list by the assessor) 
at 13000 ? One whose property was listed at 1600 ? 
What was the school tax of each ? What the village 
tax? 

Answers in order, 181; 116.20; 19; 11.80; 160; 112. 

4. A certain State Legislature levies tj*^^ of a mill on a 
dollar as a tax for a particular interest. The valuation 
being 1630,000,000, what will this yield ? 

^715., 131,500. 

5. In a State in which the entire valuation is 
12,500,000,000, what amount will a tax of .01 of a mill 
on a dollar raise ? 

6. In a certain school district the people desire to 
raise |5000 for the purpose of building a school- 
•house. It is estimated that Q% of the amount levied 
will not be collected, and 5;^ is to be allowed for 

- collecting. What amount must be levied ? 

Ans., 15599.10. 

' What will |1 tax levied net for the building of the house t 
The collector has 5% on all he collects, including his own 
percentage. 

7. Verify the above. * That is, in a certain school 
district there was levied 15599.10 tax for building a 
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ichool-honse. Of this 6% was uncollectible, and the 
collector was allowed 6% for collecting. What did the 
tax netfontbe btiilding ? , . 

8. A bridge costing $250,000 is to be built between 
two cities. The larger city is to bear | of the expense. 
The taxable property of this city being $80,000,000, 
what will be a man's bridge tax who is taxed on 
115,000, assuming that the levy is made to include 
S^% for collecting, and lOjg as uncollectible ? 

Ans., $32.38. 

9. Verify the last That is, haying all the facts given, 
including the answer, except the cost of the bridge, to 
find the cost of the bridge. 

10. The valuation of the taxable property of a town 
being $2,100,000, what will a levy of 1 J mills on a 
dollar net, S% being uncollectible, and 3^ being paid 
for collecting ? 

11. In a certain city a man pays $35.22 tax ou a 
valuation of $1050. The entire tax levied being 
$425,000, what is the total valuation of the city 
property J What is the actual value of the city property, 
if this man's property is worth $4500 ? 

12. The total valuation in a certain city is $1,500,000, 
and a man taxed on $1050 valuation pays $35.22. What 
is the total tax levied ? 

13. The net proceeds of a certain assessment was 
$150,000. Allowing ^% of the levy as having proved 
uncollectible, and 3^% commission for collection, what 
was the total tax levied ? 
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SECTION V. 

GEJfERAL PROBLEMS IJV PERCE J^TdOE 
AJfD PRACTICAL EXERCISES* 

1. Mr. Smith left with merchant Jones 5 doz. pr. gloves 
to he sold at 11.50 per pair, agreeing to allow Mr. Jones 
10% for selling. What was Mr. Jones's commission (per- 
centage) on 4 doz. which he sold ? How much would he 
pay over to Mr. Smith ? 

276. Commission is a sum allowed for selling or buying prop- 
erty, collecting debts, or doing other similar business. It is usually 
reckoned at a certain % on the amount involved. 

Analysis* — The receipts for the gloves sold were $18 x 4 = $72. 
10% of $72 is .10 of it; hence the commission was .10 of $72, or 
$7.20. Mr. Smith receives $72 - $7.20, or $64.80. 

2. Mr. Smith left with merchant Jones a certain number 
of doz. pr. gloves, to be sold at $1.50 per pair, agreeing to 
allow him 10% for selling. On settlement Mr. Jones's 
commission was $12.60. How many dozens were sold ? 

Analysis.— If $12.60 is .10 of the amount received, .01 of it is A 
of $12.60, or $1.26, and 100-hundredths, or the whole amount re- 
ceived, was 100 times $1.26, or $126. Now as 1 doz. was sold for 
$18, $126 would be the price of 126 -^ 18, or 7 dozens. 

3. $13.86 commission for selling $198 worth of goods is 
what % commission ? 

* Instead of dividing this snbject into ** Cases,''^ and thns presenting a multl- 
plicity of niles, it is thought better to train the pupil to look at the nature of 
each particular problem, as he will have to do in actual business life, and A*om 
an intelligent analysis discern the operations. See the next page for the sugges- 
tion of a general principle and the method of applying it to all such problems. 
In any event this method can scarcely produce worse practical results than 
the old mechanical method of " Cases " and special rules. 
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AsiMijfAn. 1% of $108 is $1.98. Hence $18.86 is as ouuiy per 
cent of $198 as $1.98 is contained times in $13.86, or 7^. 

4. At what must a merchant sell cloth which cost $4.50 
per yd. to make \b% ? 

5. What % is made by selling calico at 12^ c, which cost 
9 c. per ydJ What by selling it at 12 c. ? At 11 cJ 
AtlOt?.? 

6. Sold flour at $8 per hhh, thereby making 10^ on cost 
What was the cost ? 

Analysis. — As I made l^fo, each $1 of cost was sold at $1.10. 
Hence what sold for $8 cost as many doUars as $1.10 is contained 
times in $8. 8 -f- 1.10 = 7.27^:. Therefore the flour cost $7.27^. 

7. By selling sugar at 10^ c, per lb, I made b%. What 
did it cost me ? 



8. Principal $576, rate per cent 6, time 2 yr, 3 mo. 
What is the interest ? 

9. Principal $576, interest $77.76, time 2 yr. 3 mo. 
What is the rate per cent ? 

Analysis.~At \% for 2 yr. 3 mo. the interest on $576 is $12.96. 
But $77.76 is 6 times $13.96, which we learn by dividing $77.76 
by $12.96. Hence^ as the principal yields 6 times the interest it 
would Sktlfo, the rate per cent is 6. 

10. Principal $576, interest $77.76, rate per cent 6, what 
is the time ? 

Analysis.— In 1 yr. at 6% $576 yields $84.56 interest. Hence it 
requires as many years to yield $77.76 as $34.56 is contained times 
in $77.76, i. e., 2 J years, or 2 yr. 3 mo. 

11. Interest $77.76, % 6, time 2 yr. 3 mo. What is the 
principal ? 

Analysis. $1 principal yields $0,135 interest in 2 yr. 3 mo, at Q% 



^04 BUSINESS BXTLES. 

•Now to yield $77.76 requires as manj dollars principal as $0,135 is 
contained* times in $77.76, wbicli is 576. Hence the principal is 
$576. 

12. Amount $102.81 at 10% for 3 yr, 9 mo. 18 da. What 
IB the principal ? 

Analysis, $1 principal at 10% for 3| years yields $1.38 amount 
Now to yield $102.81 requires as many dollars principal as $1.38 is 
contained times in $102.81. 102.81 -i- 1.38 = 74.50. Hence the prin- 
cipal is $74.50. 

Note. — The student should not fail to notice that the general 
argument is the same in all the cases, viz.. Find the effect produced 
ly\ of the thing required, under the given circumstances, and com- 
pare this with the given effect. 

13. Amount $102.81, on $74.50 at 10^. What is the 
time ? 

The interest is $102.81 ~ $74.50 = $28.31, the giten effect. The 
thing required is time. The interest on the principal, $74.50, for 
1 yr. at 10% , is the effect produced hy 1 of this kind. 

14. Amount $102.81, on $74.50 for 3 yr. 9 mo. 18 da 
What is the* rate per cent ? Same as Ex. 9. 

15. At what per cent will $75 yield $28,125 in 6 yr. 3 
m. f At what % will it yield $15.30 in 2 yr. 9 

16. How long does it take $750 to amount to $942, at 
6^? How long at 5^? At 3^? 

17. What principal yields $150 at 4^ in 7 yr. 2 vw. 
15 da.? In 3 yr. ? In 5^ yr.f 

18. In order to secure an annual income of $3500, what 
amount must I invest at 4^%? At 6%? At 7^^ ? 

19. How long does it take $100 to double itself at 6%? 
At 6^? At 7^? At 10^? How long $300? 

20. A man borrowed a sum of money at 15^, and it ran 
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till the amount was 3 times as much as he borrowed. 
How long did it run ? Ana., 13 yr, 4 mo. . 

21. What ^ of i is I ? 110.60 of $50 ? 6 of 11 ? 

22. I made $235 by selling goods at 5^ commission 
What amount did I sell ? 

23. What amount of commission business must I do per 
year to give me an income of $4500, if the commission on 
half the business is 5%, and on the other half 1% ? 

An8.j $75000. 

24. Borrowed $100 at 7^, and it ran till it amounted 
to $182.50. How long did it run ? 

25. At 10^ per annum in what time will Ic. amount to $1? 

26. One class of U. S. bonds bore annual interest at t^^%* 
What was the daily interest on a $100 bond of this class ? 

27. Gold to-day is quoted at 113^^,* i- e^ at 13^^ premium. 
What then is a $100 U. S. bank-note worth in gold ? 

Ans.y $SS.10i + . 

28. When gold is 112, what is a $50 National bank-note 
worth ? What when gold is 110 ? When 100 ? 

29. I have a 4:% U. S. bond which yields me annually 
an amount in gold which at 113| is equivalent to $22.70 
in National bank notes (calltd " currency " at the banks). 
What is the face of the bond ? Am., $500. 

The interest on sucli a U. S. bond is payable quarterly, but no 
allowance is made for this fact In the above, and the following : 

30. Gold being 112, what amount of currency must I 
invest in U. S. 4^ bonds at 111. to yield me an annual 
income of $4000 in currency ? Ans., $99107.14 +• 
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« The meaning of this is that it takes |1.18^ of p*per corrency to buy $1 goU. 
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31. When gold is quoted 105, what is the yalue of a $1 
greenback? 

32. New York Exchange being quoted at ^5^^ premium 
in St. Louis, what will a firm in the latter city have to 
pay for a draft of $2500 on a N. Y. bank ? 

Ans.y 12502.50. 

277« A Draft is an order drawn in one place (city) and payable 
In another. Drafts are usually issued by banks. When the two 
places are in different countries the order is called a BiU of 
ExcJiange. 

33. Living in Detroit I owe a firm in St. Louis $6,250. 
I propose to pay them by a draft on a N. Y. bank, which 
will be worth ^% premium in St. Louis. What must be 
the face of the draft ? How much will the draft cost me 
in Detroit if K. Y. Exchange is quoted at j^% premium 
in Detroit ? Ans., $6243. 76 ; «6246. 88. 

278. Drafts which are to be paid when they are presented are 
called 8ig?it Drafts. Time Drafts are such as are to be paid a cer- 
tain specified time after date. 

34. What is a $1200 St. Louis draft at » Vss da.y on 
New York worth, N. Y. exchange being at 101, and the 
time discount being at 3^ ? 

The nature of this transaction is' that a man in St. Louis buys at 
a bank there a a draft on N. T. for $1200. Since N. Y. exchange is 
at 101, i. «., at 1% premium, if the draft were a ^^^^ draft it would 
cost him $1200 x 1.01 = $1212. But inasmuch as the bank in N. T. 
will not have to pay the draft till *°/88 <^. after its date, they will 
not charge the St. Louis bank with it till they pay it Hence the 

* That is, a draft nominally payable 80 (?a. after date ; ^ce Is alwaya 
rockonod. 
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St. Louis bank will have the use of the money ^^/^gda, before it 
will be charged to them in N. Y,, L e., before thej hare to pay it. 
Therefore they allow 3% discount on the face of the draft for the 
use of the money. 8% of $1300 for « Vaa da. is $3.25* Hence the 
purchaser of the draft pays |1312-$3.35, or $1308.75, or $1306.77 
indudi^g stamp. 

35. A merdiitDt in Boston wishes to pay $980 in Mil- 
waukee, Eequired the cost of a draft, payable in 60 days, 
exchange being at \\% discount, the bank, or time 
discount being ^% ? Ans., $956.10 + . 

The nature of this transaction is as follows : 

The Boston merchant steps into a bank and buys a dnft«iift 
Milwaukee bank. Milwaukee exchange being at discount in Bos- 
ion, a sight draft for $980 could be bought for $980 less 1|% of 
$980, or for $962.85. But as the Boston bank will have the money 
"*/«8 da. before it will be charged to them by the Milwaukee 
bank, and as the Boston merchant will have paid the money 
•**/«s da. before his creditor in Milwaukee receives it, it is but 
right that the Boston bank should allow the merchant for the use 
of the money. Hence they allow him 4% on $980 for the *°/6 8 da., 
i. e., $6,766. This deducted from $962.85 leaves $956,084, and 
adding the 2c. for the stamp, the cost of the draft is $956.10+. 

The justice of such an arrangement wiU appear very clearly if 
we suppose that the debt in Milwaukee is drawing interest. Now 
no interest will be stopped untU •°/«8 da. after the debtor has 
paid his money, hence the party which has the money these 
63 days should pay interest on it. 

36. Exchange being at lj^% premium, and time discount 
at b%, what is tho cost of $1 exchange on draft for 
^V<,3 da. ? What of a draft for $500? Of a draft of 
$450 for 3 0/3 3 rfa. ? Of a draft of $1000 for » V,> 3 da, ? 

3T. What will it cost a merchant in New York to pay 
$1000 in Fort Dodge, Iowa, if he buys a N. Y. draft for 

f lleckonlng 866 <2a. to a ^ee^^ 
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•®/«s da^ at ^%9 N. Y. exchange being at \% premium 
in Ft. Dodge ? What will be the face of the draft ? 

Ans.y Cost of draft $985.29 ; Face, $998.00. 

The/oc^ of the draft must be such that \% premium on it will 
make $1000. On this, that m, on the face of the draft, the N. Y. 
bank will allow bank discount at 5% for »o/,8 da, 

38. Exchange |^ premium, as above, time discount 6^, 
what is the cost of a 90 da. draft which will pay $1000 ? 
What if the exchange be at |^ discount instead of 
premium ? What the face of the draft in each case ? 

An8.y Cost $981.03, Face 996.26 ; Cost $988.42, Face 
$1003.76. 

39. I find in my daily newspaper that the N. Y. Central 
R B, stock is selling at 89|, and that the road is 
paying 2% quarterly dividends. What %' annual interest 
is this on aji investment, allowing the use of money 
to be 5^? 

279* Stocks are certificates of ownership in some property or 

business. They are usually reckoned by Shares of $100 each. 

Thus if the capital of a bank is $200,000, and I own 50 shares of 

5 000 -. 

the stock, I own kt^^t^* or ^ of the capital, and hence am entitled 

to ^ji of the net profits of the business. 

When stock is quoted at 89|, it means that you can buy it for 
$89| per share, and it is then said to be helow par. The Dividends 
are the profits paid to the stockholders. 

In our example the meaning is that I can buy a share (nominally 
$100) for $89|, and that this will yield me $2 at the close of each 
quarter during the year. Thus, allowing 5% on the first three 
X)ayments from the time they are made to the end of the year, an 
investment of |89| yields me $8.15 for the year, i. e., I obtain 
a little over 9 ^ on my money. 
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40. If I buy stocks at 120 which pay %% semi-annual 
dividends, what % does my investment yield annually, 
allowing money to be worth 10% interest ? 

Ana.y 10\%. 

' 41. Wishing to invest in bank stock I send $10,000 to 
a broker in New York, which he invests for me in 
"Pacific'' (i. e., stock of the Pacific Bank), at 130, 
charging mej^ brokerage* (commission). How many 
entire shares do I get, how much money is returned 
to me, and what % annual interest does my investment 
yield if the bank pays 4^ quarterly dividends, allowing 
b% for the use of money ? 

Ans.^ 76 shares, yielding 12j^%+, and 1101 returned. 

42. Wishing to make a permanent investment in 
stocks which are quoted at 120, and which pay 3% quar- 
terly dividends, so that I shall have a quarterly income 
of 1600, how much currency will it cost me if I remit 
to a broker in New York, N. Y., exchange being ■^% 
premium where I live,' and the brokerage being i%? 

Ans,y 124064.04. 
X 43. I find that XJ. S. 5-20 coupon bonds of 1868 * are 
quoted to-day as selling in N. Y. at 113J^. I have 
$10,000 to invest ; N. Y. exchange is ^% premium, and 
brokerage i%. What amount of bonds can I secure, 
remembering that the smallest bond is $50 ? What will 
my bonds cost me in currency ? 

Arts., $8750 in bonds, costing $9963.08. 



* The main distinction between the words *^ brokerage " and ** commission " 
is that the latter term is general, while the former is applied to commissions 
on stocks or monetary transactions. 

t Such bonds are also referred to as S-SO's of '88, tbas distingniehing them by 
the date of their maturity, instead of their issue. . 
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280. U. S. Bonds are the government certificates of indebted* 
ness (like notes). Coupons are certificates of interest attached to 
the bonds, to be cut off and presented for payment as the interest 
falls due. 

0-20's of 1868 are bonds dated in 1868 and payable any time 
between 5 years and 20 years after date, at the option of the gov- 
emment. These bonds bear 6% Interest, payable semi-ammally 
in gold. 

44. What % annual interest in currency would such an 
investment as that in Ex. 42 yield me, gold being quoted 
at 105, allowing 10^ on the mid-year payments till the 
end of the year ? Arts., About 5^^. 

The $8750 in bonds would yield $262.50 m gold, or $275,625 in 
currency semi-annually. Allowing 10^ on the mid-year payment 
makes the annual receipt from the bonds $565.03. 

« 

45. What % on my money do I get if I invest in S% 
city bonds, interest to seller,* at 107 ? 

Ans,y fJ4^> ^^ a li^^tl® I^ss than 1\%. 

In strict propriety the interest on th)| interest allowed the sellet 
(see foot-note), from the time of sale to the time the interest on the 
bond falls due, should be added to the quotation (107). 

46. If I buy 10% city bonds dated May 1, on Nov. 1, 
interest to buyer, at 113, what ^ do I make on my 
investment? 

At the time of purchase there is 5% of interest due on the 
bonds. As this comes to me it refunds me $5 on $100 of bonds, 
of the $113 which I pay (saying nothing about the interest 
on this $5 for the 6 mo. before I receive it). Hence the bonds 



* Tbit) meanB that the intervgt dae on the bond at the time of the eale is to go 
to the seller, Thae, if the bond is dated Jan. 1. and I bny it Jane 90, 1 allow the 
ieller 4e. on a dollar for interest then due. This I get back at the end of the 
year, when the interest is paid to me. 
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really coet me 108, and my per cent, is Yvb^* ^^ ^ ^^i^® 
over 9J%. 

47. Same questions as the last, consideriug the interest 
on the interest as indicated in the suggestions at 10%, 

Arts., ToWs^^ ^^ ^ 1^^*'^® ^®ss than 9J^. 

This interest on interest accrued is sucli a trifling element in it0 
influence on the % which an investment yields that it is not 
necessary to consider it. 

48. If I buy a 1500 ^\% county bond, 9 mos. after its 
date, at 105, interest to seller, what do I pay for the 
bond ? What % does my investment yield ? What if I 
buy at 110, interest to buyer ? 

Ans. $553.13, cTs^S^* or a little more than 1%\ $550 
i^lUi %y or nearly ^%, 

Government bonds are always sold " interest to buyer." Other 
bonds are made subjects of special contract in this respect, but are 
usually quoted ** interest to seller." 

f " Find the % yielded by investments as follows, and the 
amount paid for a $1000 bond: 

49. U. S. 5-20X* ® 113, gold at 104J. 

50. TI. S. 5-20% @ 115, gold at 106. 

51. State 7^, at 98, interest annually in cui*rency. 

52. City 8^, @ 106, interest to seller, at 3 mo, after 
date. At 108, 6 mo. after date. At 109, 9 mo. after 
date. 

53. Township 10^, at 109, interest to seller, 6 mo. after 
date. At 110, 9 mo, after date. 

For examples illustrating Custom House work, see pp. 252, 253. 
* Interest Q^, payable 8emi*>anniui]]y« in gold. 
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SECTION VI. 

AVERAGIJfG JlCCOTjkTS. 

1. 0. H. Millen & Co., of Ann Arbor, Mich., dry goods 
merphants, have the following account with a merchant 
iuN^wYork: 



Dr. 




C. H. MiLLBK & Co. 


(k. 




1875. 

June 5. 
Aug:. 12. 
Sept. 8. 
Sept. m. 


Mdse. 
" 8 WW. 

*• 6 7?^. 

" 4wi^. 
Balance. 


$400 

$600 

$500 

$1000 

$2500 
$1700 

$800 


00 
00 
00 
00 

00 
00 

00 


1876. 

July 1. 
Aug. 25. 
Sept. 10. 
Sept. 15. 


Caali. 

Draft at 60 (2a. 

Cash. 

Draft at 80 da. 


$850 
$500 
$600 
$250 

$1700 


00 
00 
00 
00 

00 



When should Millen & Co. pay this $800 balance in 
justice to both parties ? 

MrUy observe the latest date at which any Item in this account 
falls due. This is Mar. 8, the time when the 8d item on the dehtor 
side falls due. 

Second, notice when the Debit items fall due, and how many days 
before Mar. 8, and the interest which would accrue on them up to 
that date, at any convenient per cent.* 

June 5, 1875, $400, 276 da., . . . before Mar. 8. 

Nov. 12, " $600, 116 da., . . . 

Jan. 20, 1876, $1000, 47 da., . . . 

Mar. 8, '' $500, da., hence due Mar. 8. 

The interest which would accrue on these up to Mar. 8, 1876, at 
10%, is $62.19. 



« 



« 



« 



» 



■ * TfaiB doets not' imply that the iteme are on interest ; the ftict Ib tfaat-they are 
not— but it is a convenient way of a^jasting the matter so that the amoonto and 
times of credit shall be equalized for both parties. 
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TfdT^y we treat the credit side of the account in a like manner. 
Thus there were payments.as follows : 

July 1, 1875, $360, 250 da., . . . before Mar. 8. 

Sept. 10, " $600, 179 da., ... 

Oct. 18, " $250, 141 da., . ^ . 

Oct. 27, " $500, 132 da,, . . . 



€€ U 

9t U 

it U 



The interest which would accrue on these sums up to March 8, 
at 10%, is $81,135. 

This leaves a balance of $81,135 — $62.19, or $18,945 in fawr of 
the debtor, Millen & Co. 

Hence, finally, the question becomes. How long can the balance 
of the account, $800, be retained by the debtor in order to offset 
this interest, i, e., how long will it take $800 at 10% to yield 
$18,945 ? This is 86 da. ; and the equated time is June 2, 1876. 

281. The Equated Time is the equitable date for 
the payment of several obligations maturing at different 
dates. 

282. Ayeraging an Account is finding the equated 
time for the payment of the balance, or finding the cash 
balance to be paid at some given time. 

283. The following rule covers all cases of Equation 
of Payments and Averaging Accounts: 

Bnle. — Find the interest which would accrue on each 
obligation {at any rate per cent, tvhen none is named), 
from its maturity to the most remote maturity. Then 
ascertain how long it would take the sum of the oiliga- 
tionsy or the unpaid balance, to produce the sum of these 
interests, or the balance of interest, at the same rate per 
cent Subtract this time from the date of the most remote 
maturity, or add it as the case may require, and the resuU 
will give the Equated Time. 



ai4 
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Arerage the following accounts : 
2. Dr. Philip Bach. 



Or. 




1876. 

May 6. 
July 10. 
Nov. 16. 



1876. 






June 1. 
Aug. 10. 


Cash, 
it 


$250 
$400 



00 
00 



If the computer has tables from which to take the interest he 
may take any rate he chooses. If he has not tables, the simplest 
way is to multiply each item by the number of days, which is 
equivalent to reckoning 100% per day. 

In this manner the computation of the last becomes 



840 X 194 = 65960 


250 X 168 = 42000 


500 X 129 = 64500 


400 X 98 = 39200 


80ax = 00000 


650 81200 


1640 130460 




650 81200 





990 



49260 



v> 



49260 4- 990 = 50 nearly. Hence the equated time is 60 da. 
before Nov. 16, t. e., Sept. 27. 

NoTB. — As the balance of this account, $990, was due Sept. 27, 
but was not then paid, legal interest should be reckoned upon this 
balance from this time to the time of the settlement. This date 
may be called the A'oerage Date. 



8. Dr. 



J. Smith in Acct. with M. Brown. 



Or. 



1876. 

Jan. 10 
Feb. 20. 
Mar. 15. 
Apr. 21. 


1 

Mdse. 
" 80 da* 
" 60 da. 
'* 30 da. 


$650 
$240 
$320 

$180 


00 
00 
00 
00 


1876. 

Feb. 1. 
Mar. 10. 
May. 1. 


Draft at 30 da.* 

*' " 60 da. 
Mdse. 


$1400 

$200 

$1650 


00 
00 
00 



An$,y Apr. 30, 



* Beckon grac€ on cbecke, but not on tbe Mdse. itemt. 
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4. What would be the equated time for the payment of 
the debtor items of the last account were there no credit 
items ? .... Ans.y Mar. 9. 

6. What would be the cash balance of the account in 
Ex. 1, if paid by 0. H. Millen & Co. July 1st ? What if 
paid April Ist ? Ans.^ 1804.45 ; 1790.49. 

Instead of common discount in such cases, the custom is to 
deduct the interest for the time. This is the same as Bank 
Discount without the grace. 

6. Suppose Mr. Bach's account, Ex. 2, to be in Boston, 
what balance would he pay Nov. 16 ? What amount of 
cash would have made the account balance had it been 
paid Aug. 15? Ans., $998.14; $983. 

7. What was the cash balance of the account in Ex. 3, 
Junel? What Mar. 15? (Interested-) 

Ans,y $1869.78; $1846.04. 

Note. — This old method of Averaging Accounts is little used at 
the present time. Some wholesale dealers will average an account 
if the equated time is kept within certain limits, say 4 mo. ; but an 
unlimited average is never practiced. By such a process it is easy 
to see that a remote country dealer could "gain time," and then 
carry a debt of a thousand or two dollars for a year or more. The 
examples on page 205 illustrate the more common practice of large 
dealers. 

8. A farmer purchases of a commission merchant 20 tons 
of guano at $60 a ton, and is to be allowed a credit of 
90 days. On condition of paying J of the money at 
present, the merchant proposes to grant an adequate 
extension of time for the payment of the remainder; at 
what time should the remainder be paid ? Arts*, 120 days. 

.; 9. B borrowed of W $675 for 4 months; what sum of 
money ought B to lend W for 3, months as an equivalent ? 



CHAPTER VL 

RATIO AND PROPORTION 



BA TIO. 



284. Katio is the quotient of one number divided by 
another. 

Thus the ratio of 12 to 4 is 12 -i- 4, or 3. The ratio of 5 to 7 is 
6 4- 7, or f . 

Note. — If the numbers are concrete they must be of the same 
kind, since we cannot divide one concrete number by another of a 
different kind. Thus the ratio of $10 to $5 is 2 ; but to ask '* What 
is the ratio of $10 to 5 miles/' is absurd. 

285. The first number named is called the Ante- 
cedent, and the second the Consequent. The two 
together constitute the Terms of the ratio, or a Couplet 

286. The ratio between two numbers is indicated by 
writing the antecedent before the consequent and the 
colon (:) between them; or by writing the antecedent as 
the numerator of a fraction and the consequent as the 
denominator. 

Thus 8 : 4 is read " tlie rajtio of 8 to 4 ; " so also } may be read 
" the ratio of 8 to 4," both forms meaning exactly the same thing. 

287. The term Ratio is also applied to such forms as 
6 : 2, J, etc., that is, to the indicated operation of division, 
tlie sign : being an equivalent of -r-. 

Tiius we speak of the ratio 6 : 2 (not the ratio of 6 : 3), the ratio | 
reading " the ratio 6 to 2," " the ratio 4 to 6." The ratio o/ 6 to 2.i« 
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8j or the value of the ratio 6 : 2 is 3. So the ratio (^ 4 to 5 is | 
(4-fifthfl), or the Xiolue of the ratio | (read " 4 to 6 ") is 4-fifths.* 

1. What is the ratio of 15 to 3 ? 8:2? 9:3? 10:2? 
5:7? 4:8? 1:3? 3:1? 7:11? 11:7? 

2. Which is greater, 12 : 3, or 8 : 4 ? 6 : 3, or 9 : 3 ? 6:6, 
or7:8? 2:3,or5:4? 10:5,or6:3? 5:8,orl5:24? 
iorf? A>or|? 

3. Mention several ratios which are each equal to 15 : 3. 
Several which are equal to |. To f . To 3 : 5. 

Principle. 
288. A ratio has all the properties of a common frac- 
tion with the antecedent for its numerator and the conse- 
quent for its denominator, 

4. What effect does it produce on a ratio to multiply the 
antecedent by 2 ? by 3 ? by any number ? Try it on 2 : 4. 
What effect to divide the antecedent by any number ? 
Try it. 

5. What effect does it produce on a ratio to multiply its 
consequent ? To divide its consequent ? Try it. 

6. How do you compare two common fractions to ascer- 
tain which is the greater ? (p. 152). How then do you 
compare two ratios ? 



7. If 24 is the antecedent and 4 the ratio, what is the 
consequent ? 

Having the antecedent and ratio given, how do you find 
the consequent? 

* This donble use of the word ratio has given no little trouble to students. 
That the word is habitually used by mathematicians in both of these ways no 
one at all conversant with mathematical writing can doubt. Thus when we ask 
" What is the ratio of 12 to 4 ? " all answer " 3 ; " and all with equal unanimity 
speak of the ratio a : b—" the ratio a to 6," 
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8. If 3 i^ the consequeut and 7 the ratio^ what is the 
antecedent? If 45 is the coni?eqnent and the ratio \Y - 

9. If 7 is the antecedent, what is the consequent when 
the ratio is I? When it is f? When it is 6? 

10. If 28 is the antecedent^ what is the consequent when 
the ratio is 7? When it is 4? When it is 14? When it 
is I? When it is ^? 

11. Antecedent 10, ratio 2, what is the consequent? 
Antecedent 27, ratio 9 ? 3? i? 



PBOFOBTION. 

289. Proportion is an equality of ratios, the terms 
of the ratios heing expressed. The equality is indicated 
by the ordinary sign of equality (=), or by the double 
colon (: : ). 

Thus 8 : 4 = 12 : 6, or 8 : 4 : : 12 : 6 is a proportion. It is read 
" 8 is to 4 as 12 is to 6." The expression } = ^ may be read in the 
same way, and means the same thing. 

290. Two ratios, at least, are required for a proportion; 
hence we have two antecedents and two consequents. Of 
four terms which constitute a proportion, the 1st and 4th 
are called Extremes, and the 2d and 3d Means. 

1. Is 15 : 3 : : 10 : 2 a true proportion ? What is the 
ratio of 15 to 3 ? What of 10 to 2 ? Are they equal ? 

2. Show which of the following are true proportions": 



1.20: 5:: 8: 2 


7. 10:7::20:14 " 


2. 2:12::5:30 


8. 3 : 7 : : 12 : 26 


3. 5 : 35 : : 8 : 64 


9. 13: 27:: 117: 243 


•4. 2 : 3 : : 14 : 21 


10. 2i : 5 : : ^ : 6| 


5. 7: 11:: 35: 65 


11. 1.05 : 8.4 : : 1 : 8 


6. 8 : 3 : : 16 : 9 


12. .05:7::.3:42 



PROPORTION. Zl^ 

.3.. If the .first 3 termB of a prc^rtion are 18 : ^ : : 21 
what is the 4th term ? :. 

The ratio of 18 to 6 is 3 ; hence the 4th term mast be ^ ol 21, so 
that the ratios may be equal. Is 18 : 6 : : 21 : 7 a true proportion ? 

4. Find the 4th term of 7 : 3 : : 5 : — . 

What is the ratio of 7 : 3 ? Then if 5 is the antecedent and } 
the ratio, what is the consequent ? Jrw., V- or 3^. Is 7 : 3 : : 5 : 2^ 
a true proportion ? Why ? 

5. Find the lacking term of 12 : — : : 8 : 6. 

Which ratio is given ? What is the ratio of 8 ; 6 ? If 12 is tho 
antecedent and | the ratio, what is the consequent? 

6. Find the lacking term of 13 : 7 : : — : 11. 

We have the ratio of 18 : 7, ^if^. Hence the lacking term is 
11 X J^, or if A = 20J. 

7. Find the lacking term of — : 43 : : 5 : 17. 

The given ratio is ^. Hence we have 43 x J^ = ^ = 12H« ^ 
12ij:43:;5:17true? 

Principle. 

291. The product of the means of a proportion is equal 
to the product of the extremes. 

This is evident, since the 1st mean is the 1st extreme dimded by 
the ratio, and the 2d msan is the 2d extreme multiplied by the ratio. 

Hence the product of the means is ^ satio'^ ^ ^^ £^reme x Batio, 
In this the Ratio cancels and leaves the product of the Extremes. 

8. Find by means of this principlie the lacking term in 
13 : 5 : : 12 : — . 

The two means being given, we know their product, 60. But this 
is also the product of the extremes. Now if 60 is the product of 
the extremes and 13 is one of the extremes, the other is |J, or 4^. 
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9. In like manner find the lacking term in each of the 
following, giving the explanation : 

7. 23.05 : 4.6 : : 7.1 : — 

' 8. 1.05 : 342 : : 100 : — 

9. 42 : 6 : : — : 30 © 

10. * : i : : I : — 

11. 112 : 16 : : 49 : — 

12. 11| : 2| : : 4 : — 



1. 


2 : 7 : : 5 


« ^ 


2. 


— :4:: 


11:6 


3. 


5 : 13 : : 


— :8 


4. 


34: — : 


: 17 : 16 


5. 


131 : 47 : 


:1.5:- 


6. 


12i : ^ 


i:8: — 



RULE OF THREE. 

292. The Rule of Three is an old term applied to 
the method of solving problems in which Three Terms of 
a proportion are given and the fourth is to be found. 

1. If 8 yards of a certain kind of cloth cost 135, how 
much will 42 yards of the same cloth cost ? 

It is evident that the same ratio exists between the cost of the two 
quantities, as between the quantities, since the price per yard is the 
same. Hence the ratio of 8 yd. to 42 yd. is the same as the ratio of 
the cost of 8 yd., $35, is to the cost of 42 yd. Stated as a proportion 
this is 8 ^d : 42 yd. : : $35 : the cost of 42 yd. 

We have therefore to find the 4th term of the proportion 

8 : 43 : : 85 : — . This is »i-^ = $183.75. Hence 42 yd. wiU 
cost $183.75. 

2. If it require 12 HI, of flour per year for a family of 
10, how many barrels will it require for a family of 6 ? 

The proportion is 10 : 6 : : 12 : — . Hence we have ^-jy-^ = 7J. 

Let the pupil give the reasons : 1st, for the statement of the propor- 
tion ; 2d, for the method of finding the 4th term. 

3. If 14 cords of wood cost $98, what will 32 cords cost ? 

4ns.^ 1224. 
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-Koter— lor each questions there are always 8 qoaatitiei given, and 
two of these are of the same kind. Now it is necessary that we- 
. determine from the nature of the case, whether the same ratio (rela- 
tion) exists between the other two, one of which is not given, as 
exists between the two which are given. Not every problem in 
which three terms arc given and a 4th required can be solved by 
proportion. 

4. If 12 acres yield 384 bu, of wheat, what will 36 acres 
yield at the same rate ? 

What are the two quantities of the same kind ? Does the same 
relation (ratio) exist between the quantities of wheat produced as 
between the quantities of land? 

5. If the interest on $350 at a certain rate and for a 
certain time is 165, what is the interest on $700, for the 
same time and rate ? 

Will tvjice as great a principal give timee as much interest at the 
same rate and for the same time ? What are the two like terms ? 
Are they not all alike ? They are all doHars. 

6. If $100 principal amounts to $122.50 for a certain 
rate and time, what principal does it require to amount to 
$422. 62j^ for the same rate and time? 

Amount. Amount. Principal. Principal. 

$122.50 : $423.62J : : $100 : ^|^ (= $345). 

Note. — This is the question in True Discount 

7. What is the present worth of a note $422.62^, due 
2 yr. 3 mo, hence, without interest, money being worth 

10^? 

Same as Ex. 6. $100 now amounts to $122.50 at the given rate 
and time. Hence the question is, " How much now will it take to 
amount to $422.62^ in the given time at the given rate. 

8. What is the present worth of a note which amounts 
to $350; 1 yr. 6 mo, 15 da* hence, money being worth 1% ? 
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, Find the (imouiit of any mm for the given time and rafe ((100 |s 
cgnv^nient). Then state and work the proportion, 

9. What is the present worth of $735.50, due in 6 yr. 
at 8^? uiw5., I490.20 + . 

10. What is the present worth of $2000, due in 3 yr. 
6 mo.^ interest at 7^? Ans,, $1606.43. 

The examples in p. 303, et seq., can be solved by proportion, and 
should be reviewed and solved in this way. * 

11. A bankrupt paid 43 cents on every dollar of his 
debts. How much did he pay on a debt of $569.31 ? 

12. A difference of 15° in longitude, makes an bourns 
difference in time. What is the difference in time be- 
tween Boston, which is 71° 4' 20'' W. long., and Washing- 
ton, which is 77^ 1' 30" W. long. ? 

A71S., 23 min, 48f sec. 

13. Mun-ay's Cough Mixture is composcj^ of 

Paregoric . . . 3 iv,, j^f^ 
Sulphuric Ether . 3ij,' ^ ^ 

Tine. Tolu.^. . 3ij. '^' \ i 'i 

How much paregoric in a dose of 1 teaspoonful (t. e. 3 j) ? 

14. Recce's Chirayta Pills are composed of 

Carbonate of Soda . 3j, / -^ y ^ , 

Ginger gr. xv, ^ "^ 

Extract of Chirayta . 3 ij. 
This amount makes 36 pills, of which 2 is a dose. How 
much Chirayta in a dose ? 

15. Allowing a person to perform a certain journey in 
13| days, by traveling 10 hours a day, in what time ought 
he to perform the journey if he travel llj hours per day ? 

Ans.y 12 days. 
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16. Moll and Van Beek, in 1823, found that sound 
travels 332.05 meters (1 meter = 39.37 in) in a second. 
What is the velocity per second in feet ? ^ 

17. How far off is a battery when the flash precedes 
the report 15 sec, no allowance being made for the pro- 
gressive motion of light ? 

18. It is found that the eclipses of Jupiter's moons 
occur 16 min, 26.6 sec* sooner when the earth is on the 
side of her orbit nearest Jupiter than when she is 
on the opposite side. The diameter of the earth's 
orbit being 183,000,000 miles, what is the velocity of 
light per second ? 

19. How many times would light go round the earth 
in a second, the earth's circumference being called 
24,000 miles ? 

20. The nearest of the fixed stars are probably 
100,000,000,000,000 miles from the earth. How long 
would one of them continue to be seen on the earth after 
it was annihilated, were such a thing possible ? 

21. Divide 384 into two parts which shall be to each 
other as 15 to 17. As 5 to 8. As 2 to 5. 

22. Divide 135 into 3 parts which shall be to each 
other as 3, 7, and 5. As 2, 3, and 4. 

23. If a staff 5 //. long casts a shadow 3 fty how 
high is a steeple whose shadow at the same time 
is 90 /if.? 

The examples in p. 302, et seq.^ afford excellent exercise in the 
Rule of Three, many preferring this method of solving them. 
They can be reviewed in this manner, if desired. See also 
T^achisr's Hand Book. 
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POWERS AND ROOTS. 



PO WEBS. 



288. A Power is the product arising from multiply- 
ing a number by itself a certain number of times. 

Thus 3x3x3 = 37; and 37 is called the 8d power of 8. 6x5 
::=- 35 ; and 35 is the 3d power of 5. So f x j x f = t^^ ; and ^ is the 
8d power of f. The^3d power of .4 is .16. Of 1.3 is 1.44. 

294. The Square of a number is its 2d power; and 
the Cube of a number is its 3d power. The number 
itself is called the first power, or the Root. 

1. What is the square of 4 ? Of 7 ? Of i ? Of 2^? 
Of .35 ? The cube of 2 ? OJ 10 ? Of 6 ? Of If ? 

2. Write the squares and cubes of the 9 digits, and 
commit them to memory thoroughly. 

295. A Wliole Number written at the right and a httle 
above another number indicates the power of that num- 
ber. It is one form of what is called an Exponent. 

Thus 4« = 4 X 4, or 16. 2' = 3 x 3 x 2, or 8. 3* = 8 x 3 x 3 x 3, 
or 81. .3* = .00343. 1.1^ = 1.331. 

3. What is the 4th power of 6 ? Of 10 ? Of 1.5 ? 
Ofi? Of .2? Of 9? Of|? Oi2|? Of 1.07? 

4. What is the value of these expressions: 2.P? 12^? 
7*? (1)2? .0512? .OP? l.OP? 2462? 10'? 100< ? 
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5* How many figures in the square of 1 ? Of 10 ? Of 
100? Of 1000? Of 9? Of 99? Of 999? Of 458? 

Principle I. 

296. The square of any number contains twice as many 
figures as the number itself, or 1 less than twice as many. 

Principle II. 

297. The cube of any number contains three times as 
many figures as the number itself or i, or 2, less. Try it. 

6. What is the least number that can be represented by 
2 figures ? How many figures in its square ? In its cube ? 
What is the greatest number that can be represented by 
2 figures ? How many figures in its square ? In its cube ? 

In this way show the truth of the two preceding principles. 

7. In what order or orders does the square of units fall ? 
The square of tens ? Of hundreds ? Of thousands ? 

The square of units wiU either occupy units place or units and 
tens places. So the square of tej^s (as of 10, or 90) wiU fall in hun- 
dreds order, or in hundreds and thousands orders. The square of 
hundreds falls either in ten-thousands order, or in ten-thousands and 
hundred-thousands orders. 

8. Show as above in what orders the cube of anv order, 
as of tens, hundreds, or thousands, falls? 

Principle III. 

298. 1. By separating a number into periods by placing 
a point over the units, and then one over each alternate 
figitre therefrom, we mark the periods in which the 
SQUARES of the successive orders of the root fall. 

2. By separating a number into periods by placing a 
jyoint over the units figure, and then one over each 3d 
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figureiTiSTBfr only, toe mark Me periods in tohichJhe. cJjbes 
of the successive orders of the root fall 

The number of periods indicates the number of figures 
in the corresponding root, if the number is an exact 
power, or in the highest exact power in it, if it is "not. 

Thus the square root of 5873246 haa 4 figaies, and the square of 
the highest order in the root is in 5. So the etibe root of 48265432 has 
8 figures in it, and the cube of the highest order in the root is in 48. 



Principle IV. 

299. Tfie square of any number made up of tens and 
tmits is the square of the tens, + twice the product of the 
tens iy the units, + the square of the units. 

Let us show this by squaring 68. Multiplying 68 

in the ordinary way, but writing each product ^ 

by itself, we see at once that the square of 68 g + ^ g~ ^S 

is (6 tens)* + 2 (6 tens x 8) + 8;* = 4624 8x6 tens= 48 

But it is necessary to prove this truth in a ^^ tens)«=36_ 

4624 
more general way, as it is the foundation of the 

very imi)ortant Rule for the Sqttare Rooty which we are soon to 

learn. 

For this purpose, instead of using 8 for the units and 6 for the 

tens of the number we wish to square, 

let u stand for any numJber of units, 
and t for any number of tens. 

Then as 68 is 6 tens + 3 units, our number will now be repre- 
sented thus, f + if. 

We wiU now square t + w, observing, first, t + u 

that tu means the same as < x le, and that Mu t + u 

means twice tu. We multiply first by w, say- tu + u* 

ing " u times u is *e*, and u times t is tu." ^' + tu 

Hence f + w multiplied by u is tu + u« (see P + %tu + u* 
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58). So t times t^ u }& P + tu. Adding iheee partial products 
(aa in common multiplication), we have P + 2tu + t*'. Whicli 
corresponds with the principled 

9. Find the square of 56 according to Principle IV, 
Of 87. 0{24S. Of 3469. * 

87« = (8 tens)»^+ 2 (8 tens x 7) + {T) = 6400 + 1120 + 40 = 7569 
We may regard 243 as 24 tens and 3 units, and thus have 243^ = 
(24 tens)« + 2 (24 tens x 3) + 3«. Pupil complete the work. 

« 

3469 may be regarded as 846 tens and 9 units, etc. 



HOOTS. 



800. A Boot is one of the equal factors into which a 
number is conceived to be resolved. The Square Boot of 
a number is one of two equal factors into which the num- 
ber is conceived to be resolved. The Oube Root is one of 
three equal factors. 

301. The Radical or Root Sign is y^. When writ- 
ten thus V^5 it indicates that the square root of 25 is to 
be taken ; that is^ that 25 is to be resolved into 2 equal 
factors, and one of them taken. To indicate the cube root, 
3 is written in the sign. Thus ^125 means the cube root 
of 125. It is 5. 

VS is 3, because 3 is one of the 2 equal factors which compose 9. 
V343 is 7, because 7 x 7 x 7 = 343. 

1. What is the square root of 1^ ? Of 36 ? Of 144 v 
0181? Of49? Ofl? Of4? Of9? Of25? Ofl21? 
Of 100 ? Tell why in each case. 

2. What is 'V^? v^27? \^1? \^Vm? V^7 

^UE? 'v/343? v^29? v'lOOO? ^^216? 

302. Finding the root of a number is called Extracting 
the Root. 
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To EsEtract the Square Root. 
1. Extract the square root of 4624. 

Operation. 

(«+«)»= e»+ 2tu + u« = 4624 (68 = « + w. 

«« = 36 



3« = 120 
ii= 8 

2« + M = 128 



1024 = 2lii + ii» = (2 « -f tt) u.» 
1024 = (2^ -f u) u. 



Explanation. — By pointing off we find that the root will consist 
of two figures, a tens and a units, and that the square of the tens 
figure is in 46 (298). Henee, as 36 is the greatest square in 46, 6 
is the tens figure of the root. Letting t + u represent the root^ we 
have {t + uf = P + 2tu ■{■ u^ = 4624. 

But knowing f to be 6 (tens), we subtract its square from 4624, 
and have 2tu + u^ = {2t + u) u = 1024 remaining. 

Now, as u is small with reference to 2f, we m&y,for a trial, put 
(2«) X M, or (12 tens) x u = 1024. Hence 1024 -s- 12 (tens) will give 
the units figure of the root, approximately, at least. (In this case it 
gives it exactly.) Now completing the divisor by adding the units 
figure, we find the True Divisor to be 128. This multiplied by 8 
gives 1024. Hence 68 is the exact square root of 4624. 

2-6. Extract the square root of each of the following : 
5776, 6889, 1225, 784, 529. 



General Rule for Extracting the Square Root. 

303. /. Separate the number into periods by jjlacing 
a point over the units figure, and one over each alternate 
figure to the left {and also to the right, if decimals occur 
in the number). Write as the highest order in the root 
the root of the greatest square contained in the left-hand 
period, and subtract its square from that period, 

• This meane 2t + u multiplied by u, which makes %tu + t**. 
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//. To the remainder annex tlie second period^ and divide 
the tens of the number thus formed by ttoice the first root 
figureyplacing the result in the root, and also at the right 
of the Trial Divisor. Multiply the True Divisor by the 
new root figure, subtract the product from the dividend, 
and annex the third period to the remainder, 

IIL Double the root figures already found for a new 
trial divisor, and proceed as before until all the periods 
are brought dozvn. 

When any trial divisor is not contained in the tens of the divi- 
dend, place a zero in the root, and also at the right of the divisor, 
and bring down the next period. 

' If any figure obtained for the root proves too large, diminish it 
by 1 and repeat the work. 

Approximate roots may be obtained by annexing decimal periods 
of two zeros each. Decimal periods must always be full, since the 
square of any decimal has an even number of figures. Why ? 

7-12. Extract the square root of each of the following : 
2209, 361, 9216, 2601, 4900. 

13-20. Also of the following: 120409, 74529, 412164^ 
123201, ^1*4)54, 2125764, 966289. 

Operation. — When there are more than two figures in the root. 



74529 ( 278 
4 


2125764 { 1458 
1 


47)345 
829 


24)112 
96 


543)1629 
1029 


285 ) 1657 
1425 


• 


2908)28264 
28264 



21-28. Find the square root of 78564, 43, 7856.42, 
87.512, 2, 3.476, .4, 23.5. (See next page.) 
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«75i30 (9.854+ 2 (1.4142+ .4o ( 

81 1 



183)651 24)100 li^)400 

549 96 369 

1865)10220 ' 281)400 1262)8100 

9315 281 2524 

18701 ) 90500 2824 ) 11900 576 

fjj^iQ 11296 

15684 28282 ) 60400 

Note. — The same explanation which has been given when the 
root consists of two figures, can be readily extended to any number. 
Thus in the 1st example solved under 13-20, the square of the first 
two figures 27 (tens) falls in orders from hundreds upward. We 
may therefore proceed to find these two figures exactly as if we 
were extracting the root of 745. Having found these, we may take 
them as t ms, and consider the root as made up of 27 (tens) and 
some number of units, etc. 



To Extract the Cube Root. 

As a basis for extracting the cube root we need to prove 
the following 

Principle. 

304. I7ie cuie of a7iy number made up qf tens and 
tmits is the cube of the tens, + 3 times the square of the 
tens multiplied by the units, -f 3 times the tens multiplied 
by the square of fhe units, + the cube of the units. 

Demonstration. — Let the number we propose to cube be repre- 
sented by * + u, as in (299). Now the 
square of « + W is .... «« + 2eu + M» 

Multiplying this by * + fi, we have the 

cube. «»« + 2«M» + M» 

The multiplication is explamed thus: t^+%t^u^ tu* 

multiplying by if, we have U^ multiplied ^ + 5*^M + 3*M* + U* 
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\jj u, which makes u^, just as 2 squared (2^) multiplied by 2 makes 
2 cubed (8')r 2tii multiplied by u makes %M, for 2^m is 2 x ^ x ir, 
and putting in another factor of u, we have 2 x ^ x u x f«, or ^tu^. 
In like manner the other terms are multiplied. In adding the par- 
tial products^ we notice that 2 times fu^ and 1 time tu^ make 3 times 
f M«, or 8fii^ So 2 times Pu, and 1 time tHi make 8«'m. Finally, 
we observe that this result, P + 8^*<e 4- 8<ti' + l«', agrees with our 
principle. 

1. Extract the cube root of 262144. 

Operatioii. 



(«+«*>»=«»+ Wu + 3eie« + te8 = 262144 ( 64 = « + ti. 

«» = 216 

3«»= 10800 

3«M = 720 

ie» = 16 



8<« + 8m + M« = 11536 



46144 = ZPu + 3«ie« + w», or 
(3«« + 3eM + tOw.* 



46144 = (8««-f 8ew + tt») ti, or 
3«2w + 8«w2+w». 



Explanation. — ^By pointing ofT (298) we find that the root will 
consist of 2 figures, a tens and a units, and that the cube of the tens 
figure is in 262. Hence, as 216 is the greatest cube in 262, 6 is the 
tens figure of the root. 

Letting t +u represent the root, we have (f + t«) ' = t*-\-ZiHi + 
3<m2 + w« = 262144. 

But, knowing f to be 6 (tens), we subtract its cube from 262144, 
and have ZPu + Ztii^ + w» = (8<« + 8f u + w«) n = 46144 remaining. 

Now, as u is small with reference to 3f ^ we may, far a trial, put 
(ZP) xu = 46144, and as we know t this becomes 10800 x «e = 
46144. Hence u is, approximately, 46144 -4- 10800. 

We thus find that the units figure is probably 4. Now com- 
pleting the divisor by adding to it SP, i. e., 3 times the product of 
the root already found (remembering that it is tens) by the units, 
and the square of the units, we find that the True Divisor, ZP-\-Zfn 
+w«;is 11586. This multiplied by 4 gives 46144. Hence 64 is the 
exact cube root of 262144. 

- This means 8^' +3<ti + u» multiplied by «, which makes 3*'u +3«?i' +w». 
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806. Note.— Let the pupil write the rule. He must tell* 

1. Wnc to paint off, 

2. Bow to find the first figure in the root 
8. What to do uith this figure of the root, 
4 Hotb to form the Tried Divisor. 

5. How to find the probable next figure of the root. 

6. How to complete the divisor arid form the True Dkisor. 
Finally, the reason for each step should be given. 

2 to 5. Extrax3t the cube root of 54872 ; of 41063625 
of 354894912; of 3416.53. 

54873(88 ' 
37 



41068635 ( 345 
37 



■i?^- 



2700 

720 

64 



8484 



37873 



27872 



3700 

860 

16 



■> 



3076 

846800 

5100 

35 



14068 



13804 



851935 



1759635 



1759635 



804894913 ( 708 
848 



♦14700 



1470000 

16800 

64 



1486864 



11894913 



800 

150 

35 



3416.580 (15.06 
1 

3416 



11894913 



475 

6750000 

27000 

216 



2375 



6777216 



41580000 



40668296 
866704 



6 to 13. Extract the cube root of the following 
157464; 74088; 571787; 15625: 2744: 1124864; 2^571353 



651714363. 



* As this is not contained in 11894, we write in the root and bring down the 
next period* 
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14 to 22. Extract the cube root of 34285.7; 34.3472; 5; 
48; 2; .4932; .8; .343; .27; fH; fH; i¥r; i*- 

Note, — The root of a common fraction may be extracted .by ex- 
tracting the root of the numerator and denominator separately, or 
by reducing it to a decimal and then extracting the root 



Applications. 

1. What is the area in acres of a square field 35 rods on 
a side ? 

2. What is the length of a side of a square field con- 
taining 40 acres ? 100 acres ? 10 acres ? 20 acres? 

20 acres = S200 square rods. V3260 = ? 

3. If a square orchard contains 2916 trees, how many 
are in a row on each side ? 

4. A man has a rectangular board 128 in. long and 32 in. 
wide, from which he makes a square table as large as pos- 
sible; required its length, no allowance being made for 
sawing. Ans., 64 in. 

6. What would it cost to enclose a square lot, containing 
160 acres, with a fence costing at the rate of $4 per rod ? 

Ans.y $2560. 

Note.— Ths areas of plane figures of the same shape (similar), 
are in the same ratio as the squares of their like sides, or lines. 

6. There are two fields of the same shape (similar) ; one 
is 10 rods on a certain side, and the other is 15 rods on the 
corresponding side. What is the ratio of their areas ? 

^7i&, As 100 : 225, or 4 : 9 

7. Two circles have their diameters respectively 6 and 
8. What is the ratio of their areas? Ans.^ 9 : 16. 
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8. What is the radius * of a circle whose area is ^ acres ? 
50 sq.ft.? 1 sq, ml? (See 201). 

806. A Triangle is a figure with only 3 sides : when one of 
its angles is a right angle, it is called a Right 
Angled Triangle. If you make a right-angled 
triangle whose Base^ AB, is 6, and whose Per- 
pendiculaVy CB, is 8, and then measure the 
Hypotenuse, AC, you will find the latter to be 
just 10. Now, notice that 6« + 8« = 10«, and 
in Geometry this is found true of all right- 
angled triangles ; viz.. The Square of tTie hy- 
potentise equals the sum of the squares of the other sides. 

9. If the base and perpendicular of a right-angled 
triangle are respectively 14 and 24, what is the hypote- 
nuse ? If the hypotenuse and perpendicular are respect- 
ively 35 and 18, what is the base? If the base iand 
hypotenuse are respectively 12 and 20, what is the perpen- 
dicular ? 

For the last, 20» = 400, and 12^ = 144. Thus 400 - 144 = 266, 
and V256 = 16. The other answers are 27.78 +, and 30.01 +. 

10. What must be the length of a brace to run fix)m 
corner to corner of a gate 4/j?. high and 10 ft. long? 

^ Ans.^ 10 ft. 9^ in. very nearly. 

11. What is the distance from one corner on the floor 
of a room to the diagonally opposite corner in the ceiling, 
the room being IS ft. by 20 ft., and 12 ft. high ? 

Ans.y 29 ft. 6^ in. +. 



12. What are the contents in cubic feet oi a cubical box 
&ft. on each edge ? How many bushels does it contain? 

■ ' .."'■•--• ■ * 

* Difltance from the center to the circamference. I. e. i the diameter. 
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13. What is the edge of a cube whose contents are 
bl% cu. ftf What of one whose contents are 216040 
cu, in,t 

V215040 = 59.9 +. or within .01 of an inch of 5 ft. 
Having the edge of a cube given, how are the contents found ? 
Then, having the contents given, how is an edge found ? 

14. How large a cube does it take for a cord 9 

Ans., 5.04 ft on an edge, very nearly. 

15. How large must a cubical bin be to hold 100 bu, of 
wheat? What is the difference in volume between a cord 
and an hundred bushels ? 

Note. — Similar Solids, i. e. those of the same shape, have their 
volumes in the ratio of the cubes of their corresponding dimensions,* 
or edges. 

] 6. I have two rectangular boxes, one is 8 inches long, 
4 inches deep, and 5 inches wide ; and the other, 16 inches 
long, 8 inches deep, and 10 inches wide. Are they simi- 
lar ? What is the ratio of their contents ? 

Aiiswer. They are; and their contents are as 1 : 8, t. e. 
the second contains 8 times as rnuch as the first. 

17. If a ball 1 foot in diameter weighs 100 Ih., what is 
the weight of one 3 feet in diameter, made of the same 
material ? Ans.y 1 Ton and 700 lb. 

18. What must be the depth of a cubical vat to contain 
100 barrels ? 

19. A horse is tied by a rope to a stake in a meadow 
The rope being attached to his head, how long must it be 
so that he can graze over an acre. Ans.^ 117.7/if.+. 

* That is, their correBponding lines,— in cnbes their edgef , in spheres their 
radii, or diameters. 
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20. How many cubic feet of square timber can be hewn 
from 3 logs 2 ft. in diameter and 25 ft long, 30 iru 
and 25 /if., and l^^ft. and 40 /if., respectively ? 

-4;w., 173^ cw.//. 

Scfibnefs Log Book, whicli may be considered the standard 
among lumbermen, so universally is it used, makes the above 
164 cu, ft. The rule there used is arbitrary, but is practically 
more just than the exact scientific method, which assumes the log a 
true cylinder. No lot of logs will hew as much square timber as 
this latter method indicates, and no intelligent lumber dealer 
will buy on such reckoning. The lumbermen's (or Scribner's) rule 
is as follows : 

'807. Bdle for Computing the Amount of Square Timber 
YIELDED BY A GIVEN LOG. — Call J the sumof the extreme diameters 
the average diameter^ and f of this diameter the side of the log 
when hewn square. 

(For Doyle's Bule for reducing logs to board measure see 
Art. 195.) 

21. How many cubic feet of square timber can be cut 
from a log 30 in. in diameter at top, and 36 at butt, 
and 48 /if. long? 

^^^ = 38, the av. dipmeter, f of 33 = 22, side of square stick. 
99^22cp. - 181 - 161.4^ nearly. This is the result given in 

8 

Scribner, He usually " saves " the fractions in this table by reckon- 
ing the next unit. 

22. What is the greatest amount of absolutely square 
timber that can be cut from the log in Ex. 21, remember- 
ing that it will make a square stick only as large as the 
top end will allow? Ans.^ 150 cu.ft. 

In hewing timber for ordinary purposes, the top end is not 
reduced to an exact square. 
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23. Compute the following by Scribner's Eule: 
Diameters 24 and 29 in., length 35 ft. Diameters 
20 and 32 in,, length 50//. Diameters 36 and 48 in., 
length 42//. 

24. What must have been the diameter of a log 
from which a square stick of timber 30 //. long, and 
measuring 100 cu. ft., was cut ? 

Ans., 31 in, nearly, or 33 in. 

25. Which is the stouter,* a man 5 //. 10 in. in 
height who weighs 175 lbs,, or one 6 //. who weighs 
180 lbs. ? Ans., The former. 

26. In the last example, what must be the weight 
of the 6-foot man in order that he may have the 
same proportions as the other ? 

Ans,, 190 ?5.+. 

27. What must be the length of the rafter for a 
quarter-pitch roof on a house 32 //. wide ? What for 
a third-pitch roof ? Half-pitch? Whole-pitch? 

Ans,, rt ft. 10.66 in., 19 ft. 2f in., 22 ft. Hi in., 
35 //. 9.3 in. 

Quarter-pitch means that the height of the ridge above the plates 
is I the span, etc. 

28. Knowing that the vol- 
ume of a cone is J the pro- 
duct of the area of its base 
into its altitude, what is the 
volume of a cone the radius 
of whose base is 6 ft. and 
whose altitude is 4//. ? 




CONE. 



FBUSTUM OF CONS. 



* Balkier, stouter bniU, *' fleshier." 
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29. What are the contents in barrels of a cistern in 
the form of an inverted frustum of a cone, the diameter 

of the bottom being 4: ft,, that 
of the top 10 ft., and the depth 
6fU 

The first thing is to find the entire 
altitude of the complete cone, that is, 
EF. This is done on the principle 
that the coresponding sides of simi- 
lar triangles (those of the same 
shape) are proportional. Now BHD 
and BEF are similar triangles; and 
as HB = 3 ft, EB ~ 5 ft., and HD = 

8 ft., we have EF = |HD, or l^ ft. Hence GF = 13J - 8 = 

5ift. 

30. What are the contents of a cistern of similar form 
to the above, the diameter of the bottom being Oft,, that 
of the top 16 ft., and the depth 12 ft. ? 

31. Common rocks and earths average 2^ times as 
heavy as water (i. e., their specific gravity being 2.5), what 
would be the weight of the earth in tons, if all of its 
material were of this character ? 

The mean radius of the earth is about 3960 ml, and 27.69 eu. in. 
of water weighs 1 lb. Av. (207). 

The area of the surface of a sphere is 4 times the area of a circle 
of the same radius, and the volume is J the product of the area of 
the surface into tlie radius. 



CHAPTER VIII. 

THE METRIC.* OR DECIMAL SYSTEM OF WEIGHTS 

AND MEASURES. 



I>iameter2Centims.\\S.^ 1^ Xst ^Veight 5 Grams. 



308. The metric system can be readily learned if the 
student will first fix in mind a definite conception of 

The Units. 

The Meter {mee-ter) is the unit of Length, and is the 
basis from which all the rest are deduced. 

A Meter = 39.37 inches. 

The Liter (lee'-ter) is the unit of Measures of 
Capacity, 

\ J 'A. __ j 1.0567 Liquid Quarts, or 
"^^ ®^ ■" \ .908 Dry Quarts. 
The Gram is the unit of weight. 

A Qram = 15.432 grains. 

* This BjBtem takes its name metric ft-om the meter^ the unit of linear 
meaBore established by the French goverament, and made the basis of all the 
others. See Appendix III. 
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Subdivisions and Multiples of the Units. 

309. These units are divided and subdivided into 
lOths, lOOths, and lOOOths, and multiplied by 10, 100, 
1000, and 10,000, to make the other denominations ; 
hence the system is a Decimal System, 

The names of the denominations lower than the 
unit are formed by prefixing the Latin syllables Deci 

(tV)? Oenti {-x^), and Milli (rcW)^ ^^ ^^^ name of 
the unit 

The names of the denominations higher than the unit 
are formed in like manner by prefixing the Greek sylla- 
bles Deka (dek'a) (10), HeUo (100), Kih (1000), Myria 
(10,000), to the name of the unit. 

Complete Table of the Metric System. 



Relativk 
Values. 


Length. 


Weight. 


CAPACirr. 


SUKFACX. 


SOUDITT. 


10,000 

1,000 

100 


Myriam (Mm.) 
KilOm (Km.) 
HektOm (Hm.) 
Dekam (Dm.) 
Meter (m.) 
Decim (dm.) 
Centim (cm.) 
MiUim (mm.) 










KlWg (Kg.) 
HeklOg(Hg.) 
Dekag(Dg.) 
Oram (g.) 
Decig (dg.) 
Centig (eg.) 
MiUig (mg.) 


KiUl (Kl.) 
HektOUUi.) 
Dekal pi.) 
LUer 0.) 
DecU (dl.) 
CentU (cL) 
Mlllil (ml.) 






Hektar (Ha.) 




10 


Dekaster (Ds.) 


VniU 

.1 

.01 

.001 


Ar (a.)* 
Deciar (da.) 
Centiar (ca.) 


Stere (a.)* 
Decister (ds ; 









This table contains all the denominations in use, with the 
spelling and abbreviations approved by the Metric Bureau, Boston, 
and the American Metrological Society, New York. The abbrevi- 
ated names will be seen to consist of the prefixes with the first 
letter of the principal word, or name of the unit. Thus we have 
decim for decimeter, kilCg for kilogram, centil for centiliter, etc 

* 1 ar s 1 square dekam ; 1 etere s l cw. meter. 
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The accmt is always put on the first syllable, c is soft (s), e in the 
prefixes short, and o long (0). Thus dedm is dSdm, centig is 
sSntig, kilol kilOl, etc. Ar is like are. 
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310. The instrxtmekts used in place of our conimon %ft, ruler 
or carpenter's square, and the yard-stick or measure, are the meter, a 
rule 89.37 in, long, and divided into lOths (decims), and lOOths 
(centims) ; and a short ruler 2 dm, in length, graduated into centims> 
and these again divided into lOths, making millims. The meter 
is folded into 4 parts, or 10 parts, for a pocket-measure, and the 
2 dm, ruler into 2 parts. 

Such lengths as we usually indicate by yards, feet, and inches, 
are indicated by meters and centims.* Such as we indicate by 
miles are indicated by kilOms (kilometers). Very small dimensions^ 
as those used in microscopy, are indicated in millims. 

1. To which of our common measures is a meternearest 
equal ? How many meters in a rod ? What is the length 
of a 12 ft. board expressed in meters ? Express the 
dimensions of a room 20/1?. by 24 /if. in meters. 

2. What is the stature of a Qft. man expressed in the 
metric system ? What of one 1.8 m, expressed in feet 
and inches ? Arts., 1.83 m., 5 ft 10.866 in. 

Is a man's stature any more likely to be conveniently expressed 
in feet and inches than in meters and decimals ? Is a man any 
more likely to be just ^ft, in height than 1.8 w. ? 

3. How does the ten-folded pocket-meter compare 
in length (when folded) with the common four-folded 



* There seems to be a well-deflned tendency to use the decim as a common 
anlt for smaller measures. The use of the double^lecim ruler, and the 
hear commensurabUity of the decim with one foot will facilitate this. 
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2 ft pocket-ruler ? How does the four-folded meter 
compare with the two-folded 2ft pocket-ruler? 

4. When the metric system comes into common use, 
what lengths of boards will probably take the place 
of our 12 ./if.? 14/if. ? 16/;^.? What thicknesses will 
probably take the place of our 1 in., 2 in,, and 3 in, 
stuffs, respectively ? What dimensions of scantling our 

2 in, by 3 in, ? Our 3x4? Our 2x8 joist ? Our 
2x12? . • 

As an incli is very nearly J of a decim, we shall probably speak 
of ''quarter-decim" stuff, or simply "quarter-stuff," instead of 
" inch-stuff," " half-decim" stuff, or "half-stuff," for " 2 in. stuff," 
etc. Of course positive answers can not be given to such questions 
as the above ; nevertheless the student will get a better apprecia- 
tion of the relation of the metric to the common system by 
exercising his judgment on such questions than by any mere 
reductions. 

5. With what in our common measure will a 2 dm, by 

3 dm, timber most nearly correspond ? What a 3 dm, by 

4 dm, ? What a 3 dm, square ? 

6. What will 12 in, by 16 in, glass be in the metric 
system ? That is, what size will be likely to replace this ? 
What 18 in, by 24 in, ? 

7. What is the distance from Albany to New York, 
expressed metrically, it being 145 miles? What the 
distance from Detroit to Chicago, via the M. C. R. R 
(288 mi,) ? 

8. What simple fraction of a mile is a kilom (approxi- 
mately.) 

9. A R R train running 40 Km, per hour, runs how 
many miles ? 
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10. How will the rate 1 mile in 2 min, 4t sec, be 
expressed metrically ? One mile in 5 min, P 

11. Which is the faster rate, 1 hm. in 2 min, 20 sec. or 
1 mi. in 2 min. 40 sec. ? 

12. What part of an inch is a millim ? What is the 
approximate value in hundredths of an inch ? ' 

13. Glass is ruled for microscopic measurements in 
parallel lines from -^ to xj^-jnT ^^^'- apart. What are 
these distances in inches ? 

14. Animal cells vary iu diameter from ^ mm. to 
-^ mm.y and vegetable from \ mm. to ^hs ^^^^« Express 
these facts in inches, calling a millim .04 of an inch. 
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311. For the ordinary purposes of the grocery and market, the 
kilog (called kilO in Europe) is used. For jeweUer's and apoth- 
ecaries* purposes, and for the chemical laboratory, the gram and 
miUig are the units used. 

The standard Government weights at Washington are of brass 
and platinum. The brass weights are a five-kilOg, double-kilOg, 
kilog, demi-kilOg, double-hektOg, hektSg, demi-hektOg, double- 
dekag, dekag, demi dekag, double-gram, and gram. The platinum 
are a demi-gram, double-decig, decig, demi-decig, double-centig, 
centig, demi-centig, double-millig, and millig. 

1. When steak is 14 c. per lb., what . is it per Kg. ? 
Sugar at 30 c. per Kg. is what per lb.? At 25 c. 
per kg. ? 

* The msasnres of length gnd weight are the two of the metric syetem of the 
most practical importance in oar country at present. Hence this arran^rement 
and the ftiUer attention given them. 
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2. What is the weight of a bushel of wheat m K^s ? 
Of oats ? Of com ? Of a barrel of flour ? 

3. One lb. Av. equals how many kilog^s? One kilog 
is how many pounds ? 

4. How many grams in an ounce of gold ? In a 
pennyweight? How many milligs make a grain Troy 
or Apothecaries ? ^W5., 31.1 ^., 1.55^., 64.8 wi^. 

For jeweUer's and apothecaries' purposes, and for the chemical 
laboratory, the gram and miUig are the units used. 

5. The U. S. post-office 'allows 15 g, as the weight 
of a single letter, or | oz, Troy. Which is the 
greater ? 

6. What would be the practical equivalent for the 
Apothecaries grain, scruple, and dram in metric 
weights ? 

7. How many grams in an ounce Avoirdupois ? What 
would be the practical equivalent in grams for J lb. 
Avoirdupois ? 

8. One-eighth of a grain is the common dose of 
of morphine. What would be the prescription in the 
metric system ? -4n5., 8 mg. 

9. Quinine is frequently given in 4 or 5 grain doses. 
What would be the prescription in the metric system ? 

Ans,, \g.,ov\g. 

10. In weighing a quantity of sugar I find it is balanced 
by a double-kilog, a demi-hektog, and a dekag Aveights. 
What is the weight in kilogs ? 

N.B. — It is one purpose of a number of the preceding exercises 
to suggest that when the metric system comes into use, most 
of our common specifications of quantities for practical purposes 
will undergo slight changes to conform to the units of the new 
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87Btexn> no as not to involve troublesome fractions. Thus, instead 
of a rod we shall speak of 5 meters, and instead of laying out 
village lots 4 rods by 8, we sliall lay them out 20 m. by 40. 
Instead of 12 by 16 in, glass, we shall have 3 by 4^ dm, glass. 
Instead of prescribing 3 ij, the physician will write 8 g., etc. 

11. Instead of 13 what amount will probably be 
substituted in the metric system ? 

Ans.y Doubtless 4^. in ordinary cases. 

312. The Tonneau, or ton, of the metric system is 2,204.6 lbs,, 
and is consequently so nearly equivalent to our long ton 
(2,240 lbs.), as to take its place without difSculty. The name Ton 
will doubtless be used instead of the French tonneau, 

12. Coal at $9 per common ton (2,000 lbs.) would 
be how much per metric ton ? Hay at $12 per common 
ton would be how much per metric ton ? 



MEASURES OF CAPACITY. 

313. For such quantities of liquids or dry substances as we 
usually designate by the pint, quart, or gallon, the liter is used, as 
7.5 I., 15 I., 7 l.t etc. ; but for larger quantities the liektol is used, as 
8.2 A/., 10.5^., etc. 

The U. S. Government standards at Washington are a double- 
liter, liter, demi-liter, double-decil, decil, demidecil, double-centil, 
and centil. 

The double-liter, liter, and demiiiter, are so nearly equivalent to 
our \ gal., quart, and pint measures for liquids, respectively, as to 
take their places without embarrassment. 

A double-dekal, and a dekal, would take the place of our \ budh, 
and peck measures for grain, very readily. 

1. To what common measure is a liter nearly 
equal ? How many liters in a gallon ? In a barrel of 
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31^ gallons? How many does a common pail (2|^ ^rajf.) 
hold? 

2. How many liters in a peck ? In a half-bushel ? 

3. If a bushel of wheat is to weigh 60 lb,, what should 
be the weight of a hektol ? 

4. Wheat at 83.50 ^er Hh is what^er bush,? 

5. Molasses at $1.25 ^;er gal. is how much j9er Dl ? 

314. One of the principal advantages wliicli the metric 
system offers for scientific purposes is the facility which it affords 
for passing from measures of capacity to those of weight, and vice 
verm. Thus a liter is a eiMe decim^ and a gram is a nibic centim 
of pure water at the temperature of melting ice. Hence, knowing 
the specific gravity of any substance (t. e, , its weight as compared 
with water), we can readily pass from weight to volume, and 
tice versa, 

6. What is the weight of a liter of distilled water 
at the temperature of melting ice ? 

Ans.y 1000 g., or 1 Kg. 

7. The specific gravity of linseed oil is .94. How 
much would a cask of 2 HI weigh ? Ans,, 188 Kg, 

8. I find that a liter of alcohol weighs 8 Hg. What 
is its specific gravity ? 

The weight of a liter of any liquid expressed in kilogs, is 
it& specific gravity, or the weight of a millil expressed in 
grams, etc. 

9. The specific gravity of milk is 1.032. What does 
1 Dl, weigh ? 

10. A pail containing 1 Dl. of cider is filled and 
the cider found to weigh 10.18 Kg. What is the specific 
gravity of cider ? 

11. One millil of sulphuric acid is found to weigh 
1.842 g. What is its specific gravity ? 
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MEASURES OF AREA. 

315. For measuring surfaces the square dekam is used and is 
called the Ar. The Hektar (3.471 acres) is the more convenient 
unit for land measure. 

1. How many hektars in a section of land ? 

2. Land at $250 a hektar is how much per acre ? 

3. How many square feet in a square meter ? 

4. Land at 8 Nap. a hektar is how many dollars 
an acre ? 

5. How many hektars in a rectangular piece of ground 
1000 m. by 400 ? 

6. How many square meters in 6 boards, 4 m. in length 
and 5 dm, in width ? 



MEASURES OF VOLUME. 

316. The Stere, which is a cubic meter, is the proposed unit of 
volume, but it has fallen into general disuse. — President Barnard, 
in Johnson's Cyclopoedia. 

The chief interest, therefore, which attaches to the metric 
measurement of volume, at present, is as a means of defining 
the measures of weight and capacity. See (314)4 and also 
Appendix III. 

1. How many hektols of water does a cylindrical cistern 
contain which is 2 meters in diameter and 2.5 meters 
deep? 

2. In 200 steres how many cords ? 
3i 500 cu.yd. are how many steres? 

4. How many cubic meters (steres) of earth are removed 
in digging a ditch 2 w. wide, 1.5 deep, and 4 Em^ long ? 



CHAPTER IX. 



REVI EW. 



ONE HUNDRED TEST EXERCISES IN 

FRACTIONS. 



1. 3i - I + |. 

2. I of 4f X .25. 

3. 1.33^ x4|-^|' 

6. (5i + 3) X (2 - f).* 



6. 



4 - f 3^ + 2 
3 8 



45 — IJ. 

ft Ijxl . 3-i 
*^' 5i • iof"7' 

^' I of 1.25 ^^^+*^ 
, - 5.8 -i- .002 , .45 



11. 



12. 



13. 



14. 



15. 



16. 



17. 



18.- 



19. 



1 -i- .0001 .^ 

42.68 H- .002 

iofl3 '^^' 
500 ^ (f of .066) 
i of .7 -^ (4 - .j^)* 

.3 + .03 + .003 

3.5 -4- .07 
56^.0 07 .".02 
"^of.04 * 20* 
(I + 4.2) -i- (.125 X i) 

.375 X (^ - .161) ' 

l + i^'l + i 
.05x1.02 _5^/ 1__-005\ 
i * lej 50 A 
3.7 + 1.05 + .508 



.43 — .005 



x 



(I - -5). 



* The parenthesis used In this way indicates that the quantities within are to 
be taken as one. This, therefore, is 8^ x l^. 
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20. (.0008 -^ .008) X 10,000. 

.468 J 

200 ^ 2.12^ • *• 

4 — .002 , .04^,0002 



3-r-.03 



.OH 



24 ^ + ^ I 

V.36 + V.16^ 

V.4 + .9 



V.36 — .16 



25. 



V*-^Vit 



26. Vl : VI :: V7 : ? 
V4^ + a/3^ 



27. 



28. 



V.25 — V.Ol 

V:oo36 + Vm 



V.025 — V.0025 

29. a/16 X V4, and ^/U 

+ a/4^ 

30. Is a/16 X Vi = \/l6x"4? 

31. IsVl6+ A/4=A/r6 + 4? 

32. VfxVlxVfxVf 

33. A/|+Vj+A/|+Vf 

34. 5i : 3i : : I : ? 

35. I : 1-t : : 8 : ? 

36. Why is f : i : : Y • ? 

the same as f x ^1 x 



37. VI : Vl : : 10 : ? 

38. .05 : 3 :: 1.02 : ? 

39. .4 : ? : : 6^ : .03. 

40. ? : .001 : : .02 : .3. 

41. 4.0| : l.OOJ :: .Of : ? 

42. V2|+V4i. 

43. V2ixV4i. 

44. Vl6 -^ V4, and Vl6 

— Vi. 

45. Is Vl6-^ V4= Vl6^? 

46. Is Vl6— V4= Vi6^? 

47. VI---VI. 

48. VI - V|._ 

49. Vl| : V2| : : 6 : ? 

50. li : 2$ : : 36 : ? 
What is the relation between 

the answers to the last two? 
Why? ^ 

51. 5 : Vj6 : : V35 : ? 

52. V^: 3 :: VH" : ? 

53. VI : VA- VI : ? 

54. VFx A X t=? 

Are the answers to the l&st 
two alike? Why? 

^^- ^ _ .025 

56. V.002 : V^64 : : V? - ? 

57. VlO : V5~ : : V| : T 

58. VI x V|. 
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59. Vi + V|. 



61. 



3 — 2.01 
m - 3i) (.2 + 3) 



.3 (5.6 -J- .07) 
^^- .04(1 -.05)— 

■ (3 X .03) (3 + .03)' 

2.08 H- (1 - i ) 
(2 + i)-(iof|)- 

65 i • ? . . Jl ■ 4 
i" " H ' 

66. 2x3| : (5 - 1|) : : ? : 

67. C2 — 4) — ^* ' 
^ ^' ' f off 

68. m—i) -~ (.02— .002). 

*'"^- 2 -J- .02 • •^''^• 

W. (|)« : (1|)» .J 8 : ?__ 

71. (oiY^ (^2.5 X V.016). 

72. imy ^ (.12)'] X a/X 

73. (2.01)' + (5.3)' - (2|)». 



74 r5 -=- 



2i 



ioflJ 



X 



13H 
4.2' 



•v/ae— a/I6 






I of I 



75 

76. I of $5 is what part 

of £4:? 



77. i of f of li yrf. is what 

part of 2| J[f. ? 

78. i of 7 J fL is f of how 

many meters. 

79. 5| .ff?/. is what part of 

10 lb.? 

80. 7^ dg, is what part of 

10 gr. ? 

81. 45. 6J. is what part of 

2 Nap, ? 

82. 5f M, is what part of 

83. 14f less i|^|^ is I of J 

of what number ? 

84. Divide 7^^ into 3 parts 

which shall be to 
each other as 1^, IJ, 
and 2. 

85. Divide 1% into 3 parts 

which shall be to each 
other as f, |, and 
2.1. 

80. Divide 9 into 4 parts 
which shall be to each 
other as 2.5, 1.1, ^, 
and 3^. 

87. Divide $1250 into 3 parts 
which shall be to each 
other as I of 6, -J^ of 
20, and \ of 14. 
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88. Divide $3800 into 4 parts which shall be to each 
other other as 2 x 60, 3 x 50, 4 x 35, and 7 x 16. 

89. Does it increase a proper fraction, or diminish it, to 
extract its root ? Why ? 

90. Does it increase a proper fraction, or diminish it, to 
involve it to a power ? Why ? 

91. Answer the last two questions with reference to an 
improper fraction. 

92. I of 3f liquid gallons is what part of .5 bush. ? 

93. 2.6 h is what part of | of 5 gal. ? 

94. .4 mm., is what part of .01 in. ? 

95. 25 Dl. is what part of 10 hush. ? 

96. 3.2 m. is what part of 1 rod ? 

97. A is 1.6 m. in height, and B 5 ft. lOJ in. What is 
the ratio of their statures ? 

98. What is the ratio of 3 ij to 4^. ? 

99. What is the difference between f of 4|^ x rf X ^ 

of I of £43 18 s. ll\d.y and 3f x -^ of .56 of 1.75 x 6^ 

times $97.18 ? 

9 

100. Eeduce | of 4^ x 7^ x r^ of j of 3 o;^. 4 dr. 

2 scr. 5 grains to the decimal of -^ of .63 of 2|^ x 1^3 
of 6|- times 7 lbs. 3 oz. Av, 



FIFTY TEST EXERCISES IN PERCENTAGE. 

1. Whatsis 5 of 25? Of 10 ? Of 43? 

2. Of what number is 11 6^? Of what 10^? Of 
what 1% ? 
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3. What ^ of 4 is tS:? I? f ? 

4. What^of2iis^V? i? -^? 

5. When gold is quoted 105, what would be the quota- 
tion for currency with gold par ? What when gold is at 
110? At 112? At 104? Atl03i? 

6. The bank is discounting at 8^. I wish $200 for 
60 da. For what must the note be made ? What 
for $350 for 30 da. at 10^ ? For $250 for 90 da. 
at 5^? 

7. I send a 6^ note for $500, dated May 10, 1875, with 
an endorsement July 1, 1876, of $150, to a broker in 
Chicago for collection. He collects it March 10, 1877, 
and charges me f^ for collecting. What does he 
remit to me ? 

8. I wish to buy 65 shares of Bank of Commerce N". Y. 
stock, at 112. How much will they cost me, exchange 
being -^% premium and the brokerage \% ? What shall 
I make if I hold them 2 years, receiving 4^ quarterly 
dividends, if I sell them at 120 ? 

9. How much better is the above than 10^ annual 
interest, allowing 10^ on the mid-year dividends to the 
close of the year ? 

10. I send an S% note for $1000, dated July 1, 1876, 
to Buffalo for collection. The maker of the note having 
gone into bankmptcy, pays only 75 c, on $1. The note 
is collected by my broker, Apr. 30, 1877. What does he 
remit, charging \% for collecting ? 

11. What are- the proceeds of a 60 da. note for $500 
at bank, discount b% ? 

12. I have a $350 1% note, dated Jan. 15, 1875, 
with an endorsement of $100 July 1, 1876. The note 
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is due Oct. 1, 1877, (with grace). What is it worth, 
discounting at \Q%, Feb. 1, 1877 ? 

13. How long does it take $4080 to gain $935.34, 
interest at 7^ ? 

14. How long does it take a principal to double at 6^? 
7^? 8^? 10^? 

15. How long does it take a principal to double 
itself at compound interest at 5^? At lOj^? 

At 4^? 

Without a table at hand this would be solved by finding the 
amount at compound interest of $1 for a series of years till it became 
$2 or more. Thus at 7% $1 amounts to (1.07)'« = 1.96715 in 
10 yr., and (1.07)" = 2.10485 in 11 yr. Hence the question is, 
How much longer than 10 yr, is required ? For this fraction 
of a year the case would be one of simple interest ; that is, 
How long will it take $1.96715 to gain $2 - (1.9615 = $0.0385 
at7%? 

16. What amount in currency must I invest in U. S. 
5-20's at 114, to yield me semi-annually $100 in gold? 
What in U. S. io-40's at lllj ? 

17. I have $10,000 to invest in 10-40 IT. S. bonds, 
quoted at 112. What wiU a Detroit draft on N". Y. cost 
me to cover the largest amount of bonds I can buy 
(the smallest bond is $50), brokerage in N. Y. \%, 
and N". Y. exchange being ■^% premium in 
Detroit ? 

18. $5600. Philadelphia, Jan, 11, 1871. 
For value received, on demand, I promise to pay 

James Jones, or order, Five Thousand Six Hundred 
Dollars, with interest, without defalcation. 

John Smith. 
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Endorsements: May 19, 1871, 1500; Sept. 5, 1871, 
$200 ; Jan. 1, 1872, $300 ; April 17, 1872, J150. 
What is due Jan. 11, 1873 ? 

19. What was due on the above by the Merchant's 
Eule? 

20. At what % will $240,80 amount to $325.08 in 
5 yr. 10 mo. ? 

21. At what % will a given principal double in 12 yr. ? 
In 15 yr. ? 

22. What principal will amount to $1617 in 3 yr. 6 nio. 
15 da. at %% ? 

23. What will be the duty in our currency, on a case of 
silk mantillas, invoiced in Paris at 13950 francs, the rate of 
duty 60 per cent ad valorem ? 

24. Suppose an annual premium of $68.25 is paid for 
insuring a house worth $2275, what per cent is paid ? 

25. At a rate of 1^ per cent a year a warehouse is 
insured for f of its value, paying thereon a premium of 
$202.50 ; what is the whole value of the warehouse ? 

26. A tax of $50,000 net is to be raised in a certain city 
on a valuation of $2,000,000. Supposing d% to be 
uncollectible, and allowing b% for collecting, what tax 
must be levied? What will be a man's tax who is 
assessed on $3500 ? 

27. I invest $2,000 in certain goods, which I sell 
at 50^ advance, but at a cost of 3^ on the sales for 
selling. Allowing b% loss by selling on credit, what % 
do I make by the transaction ? 

28. A 1% note for $460 with annual interest is dated 
June 3, 1874, and is payable Jan. 1st, 1878. There is a 
payment of $200 endorsed Oct. 13, 1875. What was the 
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note worth May. 7, 1876, allpwing a discount of \0% 
compound interest ? 

29. July 15, 1876, Mr. A bought a house and lot for 
$10,000, agreeing to pay 8^ semi-annual interest, and the 
principal in 10 equal semi-annual installments. He 
finds, however, that he can pay 12000 semi-annually, and 
does so, the holder of the note allowing him 10^ semi- 
annual interest on all he pays above what the note calls 
for. When will the note be paid, and what will be the 
last payment? 

30. What J^ do I make by investing in R R. stock 
at 75, which pays 3^ semi-annually ? 

31. What is the balance of the following account, and 
when is it due ? 



Dr, 



John Smpih in Acct. with William Ebtes. 



Cr. 



1875. 

March 10. 
April 15. 
June 20. 



For Sundries, 

Flour on 60 da., 
Mdse. on 30 da., 



(( 



it 



1250 
$420 
$600 



1875. 

April 1. 
May 21. 
July 1. 



By Bal. of Acct., 
Dft. on30(?a. 
Cash, 



(( 



it 



$110 
$800 
$560 



32. I buy a bill of $540 in N. Y. on 30 da. cash, to be 
discounted at Z% if paid within 10 da., and at 2% if within 
20 da. I pay $300 the 9th day, and the balance the 19th. 
What was the last payment ? 

33. A fruit-dealer invested $25,000 in apples. Buying, 
packing, shipping, and storing cost him b% on the cost. 
He lost 300 lU. for which he paid 80 c. per lU. He 
sells the remainder at 50^ more than the first cost 
of the apples. What % per annum does he make on his 
investment, allowing that his sales average 6 mo. after 
purchase ? 
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34. I mark down from the retail price 10^, goods 
which I was selling at 26% advance on cost. At 
what % advance on cost do I now propose to sell 
them ? 

35. In consequence of a rise of a certain article in 
the market, I mark up 6% on my former retail price, 
goods which I was selling at 20^ advance on cost. At 
what % profit do I now propose to sell them ? 

36. A N". Y. bank in which I hold stock declares a 4t% 
dividend, I draw a draft for the amount due me, and sell 
it at 1% premium in Omaha, receiving $707. How many 
shares do I own ? 

37. A bought 230 bales of cotton, each bale containing 
450 lb., at lOf cents a pound, on a credit of 9 mo. 
He sold the cotton immediately for J12000 cash, and 
paid the present worth of the debt at 8%, What was his 
gain? 

38. At what must cloth be bought to sell it at %^ per yd. 
and make VZ^% profit ? 

39. A jeweller has a watch which cost him $150, he 
wishes to mark it so that he can fall b% on the asking 
price and still make 20^. How must he mark 
it? 

40. If I borrow at bank on 60 da. time at 2% per mo., 
what % annual interest do I pay ? Ans., 28^^. 

If I get $100 Jan. 1, for what must I make my note ? If, when 
this note falls due, I renew it, paying nothing, for what must this 
note he made ? Proceeding in this manner, for what length of time 
will I have to horrow the last time to make the note mature 
Jan. 1 ? If I then pay the note, how much do I pay for the use 
of the $100 1 yr. ? 
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41. If I borrow money at bank for 90 da. at 10^ 
per ann,, and carry it 1 yr., what annual interest do 
I pay ? 

42. 1% per mo., on 30 da. paper at bank^ is what % 
anilual interest ? 

43. What is gold worth in currency, when currency 
is quoted at 95 ? At 93 ? 

44. What is currency worth when gold is quoted at 
106? At 110? 

45. A bookseller sells a book for 11.20 and makes 25^ 
thereby. What would he have made had he sold it at 
$1.28 ? 

46. When f the selling price equals the cost, what % 
is made? When i the selling price equals the cost? 
When the selling *price is -J- of the cost, what % 
is lost ? 

47. How much water must be added to 1 gal pure 
alcohol to make a mixture 75^ alcohol ? How much to 
make one 50^ ? 40^ ? 

48. I buy a bill of goods in N. Y. amounting to-l;1500. 
$500 is cash in 30 da* $500 in 60 da.y and $500 in 
90 da. The rule of the house is to allow 3% discount 
on 30 da. paid within 10 da., ^% on 60 da. paid within 
10 da., and 5^ on 90 da. On 60 and 90 da. payments 
made within 30 da. are allowed d% and 3\%y 
respectively. On 90 da. paid within 60 da.^ 2^%. 
What amount will pay the bill if I pay the 30 da. 
and i the 60 da. in 10 da,, the remainder of the 
60 da. and $200 of the 90 da. in 30 da., and the 
balance in 60 da. ? 

* This means that I am to have 80 da, credit without interest. 
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49. On the above tenns what amount will pay $800 on 
60 da.y ^ in 10 da., and ^ in 30 da. ? 

60. A railroad has been constructed through a farm, 
making it necessary to build fences at a cost of $750, 
which must be renewed every 15 years ; what should the 
owner receive to meet this expenditure, at 6^ compound 
interest? Ans., $1287.03. 



TEST EXAMPLES IN MENSURATION ANI> 
DENOMINATE NUMBERS. 

1. I have a cylindrical cistern 6//. deep and ^ift. in 
diameter. How much shall I increase its capacity if I 
increase each of its dimensions 25^ ?. 50^ ? 100^ ? 

2. How much is a rectangular bin increased in capacity 
by increasing 2 of its dimensions 10^ ? By increasing all 
three of its dimensions 10^^ ? If I double 2 of its dimen- 
sions ? If I double all three dimensions ? 

3. If a solid globe of 4 in. diameter weigh 20 lb., what 
will one of the same material 6 in. in diameter 
weigh ? 

4. How many minutes will there be in the month of 
February, 1880? 

5. A lady bought 6 silver spoons, each weighing 
3 oz. 3 /j?6'^. 8 gr., at $2.25 an ounce, and a gold chain 
weighing 14 pwt, at $1.25 a pwt. ; what was the cost 
of both spoons and chain ? 

317. The Area of the surface of a sphere is 4 times the area of 
a circle of the same diameter. 
The Volume of a sphere is Us surface multiplied by \ its 

radius. 
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6; How many boxes of common double tin, 100 12 x 17 
in, sheets in a box, will it take to cover a hemispherical 
dome of 2^ ft, diameter, allowing \ in. lap on end and 
side of each sheet ? 

7. The specific gravity of iron being 7.25, what is the 
weight of a 10 in. cast-iron cannon-ball ? 

8. What is the diameter of a sphere whose surface is 
100 sq. ft. ? 

9. What is the diameter of a sphere whose volume is 
i60cu.ft.? 

10. How many gallons does a tub 18 in, deep contain, 
whose top is 16 in, in diameter, and bottom 20 in. ? 

11. If telegraph poles are 60 ft. apart, and a train 
passes one every 3 sec, what is the rate per hour ? 

12. A physician having 1 lb. | iij 3 iv 3ij gr, xij of a 
certain medicine, put it up in gr. xx. packages. How 
many did it make ? 

13. The U. S. " Trade Dollar " (silver) weighs 420 gr., 
and the common half-dollar 12.5 g. How much more is 
the trade dollar worth than two common half-dollars ? 
The dollar of 1878 is 412J gr. How does it compare with 
the others ? 

14. 'I sell 12 logs at $10 ^er Jf., board measure. The 
logs are 6 12 ft. long and 6 14: ft. The first scale 28 in., 
30 in., 40 i7i., and 3 32 in. ; the others, 2 30 in,, 3 35 in,, 
and 1 20 in. What do the logs bring me, reckoning by 
Scribner^s Log Booh ? 

15. How many cubic. feet of hewn timber in 3 logs 
measuring Ihft. long, 21 and 25 in. in diameter; 20 /f. 
long, 26 and 30 in. in diameter; and 32/f. long, 30 and 
36 in, in diameter, measured by Scribner^s rule ? 
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16. If a 2 in. pipe fill a cistern in a given time, how 
long will it take a 3 in. pipe with the same velocity of 
current to fill it ? 

17. A third-pitch "square roof is to be put on a 
rectangular house, 36 by 42 /if., with a flat deck at top 
8 //. above the plates. What will be the size of the 
deck, what the length of the side rafters, and what the 4 
corner rafters ? 

Ans,^ The deck will be 12 by l^ft., the side rafters 
14/jf. 5 in.+, and the corner rafters IS ft. 9.1 m. + . 

Suppose 4 posts ^ft. liigli supporting tlio deck and standing on 
joists at the level of the plates. To give i pitch to the roof, how 
far must the foot of one of these posts be from the plates. 

18. How large a square can be cut from a circle 36 in. 
* in diameter ? 

19. How large a cube can be cut from a sphere 2 ft. in 
diameter ? 

318.. The Strength {power to support toeight) of reetangtUar 
BEAMS, supported at both ends, is in the ratio of their cross sections, 
multiplied hy their depths. 

20. How much stronger is a 3 by 4 in. beam when 
set on edge than when lying flat ? A2by8? A2^ 
by 10? 

21. Which is the stronger beam, one 6 in. square or 
one 2^ by 10 iw., set on edge ? What is the ratio of their 
strengths ? 

22. The specific gravity of cast-iron being 7.25, what is 
the weight of a 12 in. cast-iron shell (hollow sphere), the 
shell being 1\ in. thick ? 

23. Calling the specific gravity of boiler-iron 7.75 
what is the weight of a cylinder of | in. plate, 12 //• 
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long and ^)s ft.y outside diameter, including ends, and 
making no allowance for laps and rivets ? 

24. The specific gravity of bricks being 1.9, what is 
the weight of 1000 common bricks ? 

26. The specific gravity of common loose earth is about 
1.5. A cubic yard makes a good sized load for a span of 
horses. What does it weigh ? 

26. The specific gravity of common white marble is 
about 2.7. What is the weight af a slab 7 ft. long, 2| in. 
thick, and 30 in. wide ? 

27. How many barrels does a cylindrical cistern ^ft. in 
diameter and ^ft. deep contain ? 

28. How many bushels in a bin 3.2 m. long, 1 m. wide, 
and 2 tw. deep. How many hektoFs ? How many kilog's 
of wheat will it contain at 60 lb. to the bushel ? 

319. A Trapezoid is a quadrilateral (a foor'Sided figure) with 
only two of its sides parallel. 

29. Show by dividing the trap- 
ezoid ABCD into two triangles by 
the diagonal AC, that its area is 
equal to its altitude EP, multi- 
plied by I the sum of its parallel ^ f ^ 

sides, (t. e.y by ^ 1. 

30. What is the area of a trapezoid whose parallel sides 

are 30 and 50 rods, and whose altitude is 40 rods ? 

Note.— Half the sum of the parallel sides fe the average 
width, as QH. . 

31. How many square feet in a board 14 /i^. long and 
18 in. wide in the middle (its ends being 20 in. ftnd 
16 in.)? 



7 X^\ 
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1. What cost 3 piles of 4 foot wood, one 58 /if. long and 
5 fU high, another 70 ft. long and 5^ ft high, and the 
other 65 ft. long and 6 fi. high, at $5.50 per cord ^ 

2. At 11.25 per gallon what cost 1 III. 15 gal. 3 qt of 
molasses ? 2 iU, 12 gal, 2 g^. 1^^.? 

3. A ladder 30/^. in length was found to reach just to 
the eaves of a building when its foot was 12 ft. from 
the foundation. What was the height of the building? 

4 I bought 2 horses for $420, paying 148 more for one 
than for the other. What was the price of each ? 

5. What per cent of 5i is i? \t 1? If? If? 11? 

6. Two bodies start together to move around the same 
circle in the same direction ; one goes 5 times around while 
the other goes 7. How often will they be together? 
When will they be together at the point of starting ? 

7. I have a note for $300 given July 24, 1872, bearing 
%% interest, and due October 13, 1876. On the note is 
endorsed $110, April 5, 1874. What is the value of the 
note May 20, 1875, money being worth 10^ at this date ? 

8. What must be the depth of a cylindrical cistern 
whose diameter is 6 ft.y that it may contain 60 JW.? 
lOOJW.f 

9. The scale of the common thermometer (Fahrenheit) 
is divided into 180° between the freezing point (32°) and 
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the boiling point (212°). The Centigrade scale is divided 
into 100°, fi-om freezing (0°) to boiling (100°). What is 
the relative length of the degrees ? 

10. Show that 68° F. = 20°'C. ; 85° R = 29^° C. ; 30° C. 
= 86° R; -23° R (f. e. 23° below 0) =-30^° C. 

11. The diameter of the moon being to that of the eai*th 
as 3 : 11, what is the relation between their volumes ? 

12. What is the diameter of a grindstone when it is ^ 
worn away, its original diameter having been %ftJ What 
when I worn ? When ^ worn ? IJThen \^ J ? 

13. A merchant bought goods at 2b% below their nom- 
inal price, and sold them at 20^ above, thereby making 
11920. How much did he invest ? Ans,, $3200. 

14. A quantity of flour lasts a man and wife 9 days, and 
the wife alone 27 days; how long would it last the man 
alone ? 

15. If a ball of thread is 4 inches in diameter, what will 
be the diameter in each of three conditions — ^when J, ^, 
and \ of it are wound off? 

Ans.y 3.634 + ; 3.175 - ; 2.52- inches. 

16. What part of the thread will be left, when the 
diameter is reduced to 2 inches ? Ans., \, 

17. A agreed ta labor for $2.50 per day, on condition that 
he should forfeit 50 c. every day he was idle. At the end of 
100 days he received $190. How many days was he idle ? 

18. The bank is discounting at 12^. I wish $500 for 
60 days. For what must I draw the note (exact interest) ? 

Ans,y $510.57. 

19. In a mixture of gold and. silver consisting of 100 oz, 
there are 6 oz, of silver; how much gold must be added 
that there may be | oz, of silver to 10 o;r. of gold ? 

Ana,, 56 ox. 
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20. How many yards of carpeting | yd. wide^ must I 
buy to carpet a room 20 by 25 feet, the strips running 
lengthwise of the room and there being 4 in. waste on 
each strip in matching? An8.y 76 yd. 

21. When Gen. Tom Thumb (Chas. S. Stratton) was 
5 years old he measured 2//. in height, and weighed 16 lb. 
What would be the weight of a man of similar form who 
was 6 /if. tall ? Ana., 432 U. 

22. The amount of A's money for 7 yr. at 10^ is $244 
more than its amount for 6 yr. at 8^ ; required A's money. 

23. The eayes of a house are at the same height and 30 
feet apart. The ridge pole is 12 feet higher than the 
eaves, and just midway between themu The house is 40 
feet long. How many shingles will it take to coyer the 
roof, if each shingle covers a space 6 inches long and 4 
inches broad ? Ans., 9J M. within 5 shingles. 

24. I bought 26000 feet of board at $2.25 per thousand, 
and sold J of them for what f of the whole cost. What 
per cent did I gain on the part sold ? Ans.y 33^%. 

25. A man bought a bar of gold at tl92 pr. lb. and 
sold it for $16 pr. oz.y weighing it in both cases by avoir- 
dupois weight. How much did he gain, the true weight 
of the bar being 5 pounds ? Did he gain, or lose, by sell- 
ing by avoirdupois instead of troy? Ans,, $263.31 +. 



26. What are the dimensions of a rectangular granary 
whose width and height are each f of its length, and which 
will contain 1500 bushels of wheat ? 

Ans., 10.756 /if. wide; 10.756 /f. high; 16.134/^. long. 

27. Eequired the difference between the simple interest 
and compound interest of $800 for 16 yr. 8 mo., at 7^. 
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28; Bequired the time of day, provided the time past 
noon equals f of the time to midnight. 

Ans.y 48 min. past 4, p. m. 

29. What is Va? ^is"? VOT? V:25r? v^7? 

30. If a 2 in, pipe will fill a cistern in 6 hours, how long 
will it take a 3 in. pipe to fill it, the water fiowing at the 
same velocity ? Ans.y"^ hr. 

31. Bought a $500 10^ note, due 6 mo, from the time I 
bought it, which was 2 yr, 8 mo. from its date. I paid 
$580 for the note but had to borrow $400 at bank for 
' ^/s 3 ^^ a* ^% a nionth. How much did I make, allowing 
money to be worth 7^ ? 

Ans.f $26.34 at the maturity of the note. 

Amount of note at maturity $633.33 +. Amount of $180 for 
6 mo., at 7fo , $186.30. Bank note $409. Amount of this for 4 mo. 
27 cfa. at 7^, $420.69. 

32. The amount of B's money for 8 yr. at 6% is $5100 
more than the interest of his money for 10 yr. at H% ; 
required B's money. Ans., $7500. 

33. In the tomb of one of the Incas, £150000 in gold 
was found. Whit was the weight of the whole, estimating 
the average fineness of the gold at 18 carats,* £1 sterling 
containing 113.0001 grains of pure gold ? 

Ans.,1 T. 1228 Ih. 9 02;. + . 

34. Gold is quoted to-day (Feb. 17, 1875) at 116. What 
will an English book for which I have to pay £1 2^. ^d. 
gold, cost me in our paper currency? Ans.^ $6.36. 

35. With gold at 115 what will a bill of German books 
amounting to 25 marks including duty, cost me in our 
paper currency ? Ana., $6.84. 



* A carat is ^. tS carats fine is \\ gold, or \ gold and \ nlloj. 
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Z^. French exchange hemg 117, irbat ivill it met mt in 
our paper currency to pay lOOOfr* in Paris. 

Ans.y $225.81. 

37. A wishes to draw 11000 from a bank for 60 days; 
for what sum must he give his note, discounting at 10^ ? 

Ans.j $1017.56. 

38. If I buy U. S. bonds bearing b% interest in gold 
and pay $120 in currency for $100 in bonds, what per 
cent in currency shall I realize on my investment, gold 
being worth 115^ ? Ans.^ 4^%. 

39. A holds a note for $500 dated May 10, 1873, and 
bearing 7% annual interest, the principal payable in 5 
equal annual installments. September 18, 1875, B pro^ 
poses to buy the note (all previous payments having been 
made as agreed), and pay such a sum for it as will allow 
him 10^ per annum on his money. What must B pay for 
the note ? (No grace.) Ans^ $296.20. 

The note jields $131 7 mo. 22 da. after the purchase; $114 1 ^r, 
7 mo. 22 da. after ; and $107 2 yr. 7 mo, 22 da. after. The present 
worths of these sums for the respective times at 10^ are $113.674+ , 
$97,901 + , and $84622 + . 

40. If I buy bonds for 85 cents on a dollar which pay 
d% semi-annual interest on their face, what per cent per 
annum does this give me on my investment, money being 
worth 10^ ? Ans.y 7-^^. 

41. The ratio of the circumference of a circle to its 
diameter being 3.1416, how many revolutions in a second 
does a 6 foot drive-wheel of an engine make when the 
engine is running at the rate of 30 mi, an hour ? 

Ans.f A little more than 2 J times a second. 

42. Cleveland, 0., is in longitude 81° 47' W., and Bos- 



UNCLASSIFIED EXAMPLMS. 367 

ton in 71** 4' 9" W. When it is 5 A. m. at BcwBton what 
time is it at Cleyeland. Ans.y 4 o'clock, 17 min. 8 m^ + . 

43. What per cent is made by buying stocks at 1^% 
below par (their nominal yalae), and selling at 10^ above ? 

Am.y 29^^ 

44 What per cent is lost by buying bonds at i% premium 
and selling them at b% discount? Ans., 1%%, 

45. If a man b\ feet high weighs 121 Ihy what should be 
the weight of a man of similar proportions 6 feet high f 

46. Bought a piece of cloth containing 36 yd., at 12^ 
per yard, and sold \ of it at what the whole cost me, and 
the remainder at $3 per yard. What per cent did I make ? 

47. What does it cost to excavate a cellar 20/if. by 19 ft 
and 5 ft deep, at 15 c. per cubic yard ? 

48. What is the difference in longitude l)etween two 
places whose difference in time is 52 min, 18 sec t 

49. A and B together can do a piece of work in 6 days, 
but B alone requires 10 days to do it. In what time can 
A do it alone ? Ans., 15 days. 

50. Three men, A, B, and C, agree to do a certain piece 
of work. A and B can do the work in 6f days ; B and C 
in 12 days ; and A and C in 10 days. How long will it 
take each separately to do it ? 

Subtract the part A and C can do in a day from tbe sum of what 
A and B, and B and C can do in a day, and the remainder, ^, ia 
twice what B can do in a day. Ans., A 13 days, B 15, and 60. 

51. 'What are the dimensions of a rectangular box con- 
taining 3000 cubic feet, the dimensions being to each 
other as 2, 3, and 4 ? Arts,, 10, 16, and 20 feet. 

52. Divide 88 into 2 parts which shall be to each other 
as 4 : 7. Into 3 which shall be as 2 : 3 : 4. 

53. Divide 56 into 2 parts so that the less part shall be 
to 56 as 3 : 7. 
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'■■ 64. Is i increased, or dimmished, by adding 4 to eacb 
term? How inuch ? |? -f? 

.66* Two houses are built on exactly the same ground- 
plan for corresponding stories; the stories are of the same 
height; but the first has 2 stories and the second 3; while 
the correspondiug ground measurements are as 2 to 3. 
If the material for the small house cost $3000, what was 
the cost of that of the larger ? Ans., $6750. 

66. The sun's diameter being 852,573 mi,, and the 
earth's radius 3962 mi., how many times as large as the 
earth is the sun ? 

67. A 6^ note for $346.36 was dated March 26, 1863 ; 
and had endorsements, July 20, 1863, $5475 ; April 8, 
1864, $10; Sept. 26, 1864, $5.50; Jan. 6, 1865, $150.46- 
What was due Nov. 2, 1865^. Ans., $166.18. 

68. On a note for $340, bearing 10^ annual interest, the 
interest was paid one year, and $20 on the next year's 
interest. After this no moi-e interest was paid. What was 
the amount of the note 3 yr. 8 mo. lb da. from date, allow- 
ing simple interest on accrued interest ? 

59. Jajiuary 1, 1872, the German Reichstag passed a 
a new coinage act making the Mark the unit of the cur- 
rency of the Empire, and enacting that " An imperial gold 
coin will be struck, of which 139|^ pieces will contain a 
pound (1.1025 lb. Av.) of fine gold, and the tenth part of 
this gold coin will be named a Mark.'' Now the standard 
U. S. gold dollar weighs 25. 8 ^r., and is 900 parts in 1000 
pure gold. On this basis justify the value of the Mark 
as given by the Director of the U. S. mint, 23.8 cents. 

60. French Coin is of the same fineness as our own. A 
franc is 19.3 cents. Our gold dollar weighs 25.8 gr., and 
oar silver half-dollar 192.9 gr. What should be the 
weight of a silver franc in grama ? What of a Napoleon ? 



APPENDIX I. 

It jnaj be well for the teacher to explain somewhat at length 
how our public lands are divided and described. Thus when a new 
territory is to be surveyed, the first thing the surveyor does is to 
run one (or more) north and south lines through some convenient 
parts of it. These are run with ^at care, are carefully marked, 
by posts, stones, marks upon trees, or other means, throughout 
their entire length, and are called Principal Mebidiakb. In a 
similar way one or more east and west lines, called Base Lines^ are 
run and marked. After this the whole country is checked up into 
townships by running north and south lines parallel to the Princi- 
pal Meridian and six miles apart, and east and west lines in a 
similar manner parallel to the Base Line. The north and south 
rows of these townships are called Banges, and are numbered east 
and west from the Principal Meridian, The townships in each 
row are numbered north and south from the Base Line, Thus in 
Ohio the western boundary of Pennsylvania is the eastern principal 
meridian from which ranges are numbered up to Range XX West, 
which reaches the western boundary of Huron county. Again the 
western boundary of Ohio is another principal meridian from which 
ranges are numbered eastward to Range XVII East. (Let the 
pupils tell from this the entire width of the State of Ohio, 
222 miles.) The Base Line in this State runs along the southern 
boundary of Paulding, Seneca, and Huron counties. From this line 
townships are numbered, as Town 1 North, Town 2 North, etc. ; 
Town 1 South, Town 2 South, etc Give the pupils exercise in 
locating townships from such descriptions as T. 2 N., R. 4 E. ; T. 8 
S., R. 5 W. ; etc. The first of these is read " Town 2 north, Range 
4 east," and locates Brown township in Paulding county, 6 miles 
north of the Base Line, and 18 miles east of the West Meridian, or 
west line of the State. Such questions as the following will also 
suggest themselves ; How far from the west line of Pennsylvania 
does a man in Ohio live who is in Range 10 West ? How far one 
who is in Range 15 West ? Similar questions can be framed with 
reference to the Base Line and the number of the township, 
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The Bus Line in Michigan runs ftlong the nortlk line of the seoDiid 
tier of connties, vii., Wayne, Waahtenaw, ete. llie Principal Merid- 
iui commences at the Ohio line and runs north between Lenawee 
and HUladale counties. The fttct should be nndeiBtood that the 
namet nhich no apply la the townships form no part of a descrip- 
tion of them aa given in deeds ; this is done eicluaively by Bange 
and number. Sometimes (usually) the poUttcai diTisions ne name 
townships correspond to these sarreyed and recorded towns, but 
often otber divisions are made for political purposes ; otherwise all 
the towDsliipa would be regolar (except those along lake and river 
boundariee, etc.). 

The following cuts illustrate the diviuon of a township into 
sections and the subdlTisionB of sections. These sections are desig- 
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oated b; number, beginning at the NJ). comer and numbering 
across t« tlie West, then back to the East, and thus back and forth. 
The dividon of the section is not made In the original snrvey, but 
the middle of the sides on the boundary lines are marked so that 
nil that is afterward necessary is to run the lines across in order 
lo divide the sections into quarters. For purposes of sale these quar- 
ters are ag;ain divided into halves and quarters. The following 
dedgnations will be readily anderstood: " Northwest qaart«r of the 
northwest quarter of Section 10," written, N.W. Jof N.W. ^o( 
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Sec 10. See cut of Seetdon. So the east half of the northwest 
quarter is designated E. ^ of K.W. ^ of Sec> 10, etc. 

The teacher may give exercises in describing the position of the 
following pieces of land, and by diagram on the blackboard iliuS' 
trate them. A few descriptions might be written on the board and 
the pupils required to illustrate the location by diagrams on their 
slates. 

N.E. J, of aE. 1, Sec 20, T. 7 K., R. 9 K 

W. i, S.W. J, Sec. 17, T. 10 S., R. W. 

S. i, Sec. 28, T. 1 S., R. 15 B. 

E. 1, N.K J, Sec. 8, T. 6 N., R. 18 W. 

W. J, Sec. 16, T. 18 N., R. 11 E. 

E. i, S,E. J, Sec. 82, T. 5 S., R. 18 Q, 



mmmt 
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COJfTBACTIOJfS. 



IN MULTIPLICATION. 

1. To mvUiply by 25.— Multiply by 100 (59), and then divide 
by4. 

2. To multiply by 125.— Multiply by 100 (59), and add to this 
product J itself. 

Ex. Multiply 2346 by 25. 284600 

58650 

Ex. Multiply 5082 by 125. 508200 

127050 

685250 

3. To multiply by a number represented by 2 digits, one of whfcli 
ie 1,— Multiply by the digit which is not 1, and write the product 
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uacler the midtipHoand, removing this product one place to the left 

if this digit is lO's, and 1 to the right if it is units, adding these 

numbers* . 

Ex. Multiply 78579 by 81. 78579 

628632 

6364899 

Ex. Multiply 78579 by la 78579 

63868 2 

1414422 

4. To multiply by a number represented by 9*«.— Multiply by 1 
with as many O's at the right as there are 9's (59), and then sub- 
tract the multiplicand. If the right-hand figure of the multiplier 
is 8, subtract twice the multiplicand, etc. 

Ex. Multiply 857639 by 999. 857639000 

857639 
856781361 

Ex* Multiply 857639 by 99a 867639000 

1715278 

855923722 

Ex. Square 9999. 99990000 

9999 

99980001 

6. To square any number ending in i — Multiply the integral 
part by 1 more than itself and to the product add (annex) }. 
Ex. Square 34]^. 84 

J5 
Ex. Square 17^. 128J. 170 

102 
1190i 

Ex. Square 145. 14 

15 
(145)« = (14.6)« X 100 = (14i)» X 100. 70 

14 



Ex. Square 595. 21025 

Dbm.— (m 4 i)' = m« + m + } = m(m + 1) + f 

6. To find the product of two numlbers involving decimals, ta 
witJun a unit of any proposed order. 
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Ex. An example will illustrate the process ; Multiply 763.05408- 
698056 by 25.4468057845, to within 1 ten-thousandth. 

Explanation. — Using either number Operation, 

as multiplier, write it with the order of 763.05403698056 

its digits reversed, and so that its units 5487503644.62 



figure will fall under the specified order 381527018 

in the multiplicand (in this case under 80522161 

ten-thousandths). Then multiply by ^457832 

the digits of this multiplier, commenc- 22892 

ing in each case with the figure imme- 882 

diately over the multiplier, and writing g 

the partial products so that the first 19416 90634 

figure in each shall stand under the 

first digit multiplier, observing in each case to ** carry " the nearest 

approximate number of units from the product of the next lower 

order in the multiplicand than the one used. 

Note.— For many methods of Appraximaie computations, see a 
little work by Seinneb, recently published by Henry Holt & Co., 
N. Y. The Author does not think very highly of such approxi- 
mations, especially when they prevent checks on the work, as they 
usually do. 



IN DIVISION. 

7. To divide by 25.— Multiply by 4 and divide . by 100, i «., 
remove the decimal point 2 places to the left. 

8. To divide by 15, 85, 45, or 55.— Double the dividend and 
divide by 30, 70, 90, or 110. 

9. To divide by 125.— Multiply by 4 and divide by 1000. 

10. To dwide by SJ.— Multiply by 8 and divide by 10. 

11. To divide by 121, or lOf.— Multiply by 8, or by 6, and divide 
by 100. 
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01'.3'47 



12, When the divimn is required to 754.S37885 
be extended ordytUl some specified order 



12.2963 



of decimals ie reached. We may observe 122 604 ^ ^ 



♦* « 



when an order is reached as many places 13 173 f^'B 

to the left of this order as there are 12 269 S S 

figures in the divisor less 1, and after ^ 004 g | 

this drop a figure from the divisor ~-qqo •'" 

instead of bringing down one from the 3^3 i^'o 

dividend at each division. In doing this ""15 "^l ol . 

we should observe in multiplying to 12 SlJ^^ 

"carry" from the product of the last order ^ S S 

(or two orders) cut ofl^. 

Ex. Divide 7a5.64 by 84.37216, extending the quotient to 
lO-millionths 

As 10-millionths is the 7th order of decimals, and 1 less than the 
number of figures in my divisor is 6, 1 may begin to drop off after 
having obtained the tenths of the quotient, ». e., after the 2d step 
in the division. 



rBOGBESSIONS. 



13. An Arithmetical Progression is a series of 

numbers which increase or decrease by a common difference, as 8, 
6, 7, 9, 11 ; or 28, 23. 18, 13, 8. 

14. Tlie XiCtSt Term of an increasing arithmetical progres- 
sion is evidently equal to the first term + the common difference 
taken as many times as there are terms less 1. Thus the 5th term 
of the 1st series above is 3 + 4 times 2 = 11. 

The last t^rm of a decreasing arithmetical progression is equal to 
the first term — the common difference multiplied by the number 
of terms less 1. Thus the 5th term of the 2d series above is 
28 — 4 times 5 = 8. 

15. The Sum of an arithmetical progression is ^ the sum of 
the extremes multiplied by the number of terms. 
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This will be evident 3+ 6+ 7+ 9 + 11 = Sum. 
from an inspection of 11+ 9+ 7+6+8 = Sum. 
this operation. Hence 14 + 14 + 14 + 14 + 14 = Twice the Sunu 

the Sum = (^^) x 5 = 85, the Sum of the Series. 

Ex. 1. First term 7, common difference 4, series increasing, find 
the 10th term and the sum. 

2. First term 184, com. diff. 7, series decreasing, find the 8th 
term and the sum. 

8. A 10% note for $800, bearing annual interest, has been run* 
ning 8 yr. and no interest has been paid. What is due, allowing 
simple interest on the deferred payments of annual interest ? 

The 8th jear's interest is $80, the 7th $88, the 6th $86, etc. Hence 
the interest is an arithmetical progression of 8 terms of which 80 is 
the first and 8 the com. diff. The last term is therefore 51, and the 
sum (gl+80) X 8 = 824. Amount of note $624. 



16, A Geometrical Progression is a series of num. 

bers which increase or decrease by a common multiplier, called the 
rate. If the rate is more than 1 the series is increasing ; if less 
than 1 it is decreasing. Thus 8, 9, 27, 81< 248, is an increasing 
geometrical progression, rate 8. 6561, 729, 81« 9, is a decreasing 
geometrical progression, rate ^. 

17- The Last Term of &ge&metneal progression ib the Qrst 
multiplied by the rate raised to a power whose index is 1 less than 
the number of terms. This appears when we consider that the 2d 
term is the first multiplied hy the rate, the 8d is the first multiplied 
2 times in succession by the rate, etc. 

18. The Sum. of a geometrical progression is the difference 
between the last term multiplied by the rate and the first term, 
divided by the rate -^ 1 if the series is increasing, and by 1 — f A« 
rate if it is decreasing. 

Thus, taking the series 8, 9, 27, 81, 248, of which the rate is 3. 
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the sum is ^^^^^, or ^J=^ = 863. An inspection of the foL 
lowing will indicate the reason for the rule : 

729+248+81+27+9 = 8 times the sum. 
243+81+27+9 + 8 = the sum. 



Again, 



729 — 8 = (8—1) times the smn. 

6561 + 729+81 + 9 = the sum. 
729+81 + 9+1 = J the sum. 



6661 — 1 = (1— J) times the sum. 

Ex. 1. First term of a geam, prog, 7, rate 4 ; what is the 8th term ? 
What the sum ? 

2. First term 6250, rate i ; what is the 6th term? What thd 
sum? 



ALLIGATlOy. 

19« Ex. 1. A grocer mixes together 12 lb$, of tea at 50 c^nts, 
16 lbs. at 72 cents, 12 lbs. at 65 cents, 18 lbs. at 85 cents, and 100 U)9. 
at 42 cents. How much per lb, is the mixture worth 1 Ans,, S^ e. 

How many pounds of the mixture were there. What was the 
entire mixture worth ? 

2. Having melted together 7 az. of gold 22 carats fine, 12^ o§, 
21 carats fine, and 17 oz. 9 carats fine, I wish to know the fineness 
of each ounce of the mixture ? Am,, 15^ carats. 

A carat is jf^ part. 7 oz, of alloyed gold 22 carats fine contains 
7 X If, or ^ oz. pure gold. 17 oz, 9 carats fine contains f| oz, 
pure gold, etc. The question is, How many 24ths of the mixture 
was pure gold? 

Such examples as the above were formerly classed under 
Alligation Medial, but it is evident that there is no propriety in 
dignifying so simple a case of the first principles of arithmetic in 
any such way. 
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20. Alligation Alternate is of nttleor no practical use, 
and is with propriety now dropped from most of oar courses of 
training in arithmetic, even when treated in the text-book. More- 
over, the arithmetical solution is very cumbrous, while the algebraic 
is exceedingly simple. We give a few examples with the alge- 
braic solution. 

1. A merchant has sugar worth 10 cents, \% cents, 14 cents, 
15 cents, 10 cents, 17 cents, and 18 cents per pound, and wishes to 
form a mixture worth 12} cents a 2&. How many pounds of each 
must he use. 

Let tJ, ar, y, «, w, r,and « represent respectively the No. Vb%, of each. 

Thenl0TJ+12aj+14y+lo2+16w+17r+18< = 12J (tJ+a?+y+«+w 
+r+«). 

From this liy+3}«+8i«)+4}r+6J« = 2}« + i^, or %+5e+7w+ 
9r+ll* = 5« + 3a?. 

Now we may give any values we please to all Imt one of these 
letters, provided they do not make that one negative^ and find a cor- 
responding value for the other. Thus let y, e, w, and r each be 1, 
and * = 2, and © = 3. Then we have 3+5+7+9+22 = 15+2a;, 
and x = ^= 15jt. Again, let y and z each = 4, i« and r each 7, 
* and Of = 10, and we have 12+20+49 + 03+110 = 6i?+20 ; whence 
« = ifi =3 46|, and so on oc? infiivUum. 

2. If the quantity of one or more of the ingredients in the above 
example were given, as 10 W. of the 18 e, and 15 of the 14 c, it would 
in no way complicate the problem, as we would then proceed to 
assign values to all the others, save one, at pleasure, as above. 

3. If .the entire amount of the mixture was given, as for 
example in Ex. 1, if there were to be 120 lb, we should simply 
substitute forD + aj + y + 2 + w + r + « 120, and then proceed as 
before. 

Thus if any one desires a knowledge of Alligation Alternate, 
he can obtain it in the least time, and get by far the most 
comprehensive view of it, by getting a little knowledge of the 
simple equation. The teacher can give all the knowledge of the 
equation that is needed in a single lesson. 



in C0NTRACT10N8. 



APPENDIX m. 

21. The MetTiG System, originally devised and adopted by the 
French, makes The Meter the fundamental unit. It was designed that 
the Meter should be run^swun P^^ ^^ ^ quadrant of a meridian of the 
earth. With this design an arc of the meridian, starting from tixe 
parallel of Dunkirk in the extreme north of France, and running 
the entire length of France, and terminating in the parallel of 
Barcelona in the north of Spain, was measured by Delambre and 
M^chain, as directed by the French government. From this 
measurement the whole quadrant was computed, and the Meter 
established as lootf^oooo P^^ ^^ ^^- ^^ ^^ ^^^ known that there are 
irregularities in the form of the earth which would make such 
measurements give different results when taken in different places, 
and that the Meter thus established is about ^^ of an inch 
too short. 

The meter being thus established, the liter is made a cubic dedm, 
and this amount of pure water at the temperature of melting ice 
is made the kilGg. 

The Metric System has now come to be adopted by most 
civilized nations, although generally only permissively, as a 
system legally recognized, but which may .be used by the 
people, or not, as they see fit. Nevertheless, all nations, 
except the French (and they to a considerable extent), continue to 
use their various and older systems. It is, however, coming to be 
pretty generally accepted for scientific and philosophical purposes, 
and its cosmopolitan character makes it specially desirable that it 
should be understood by all who lay any claim to general 
intelligence. 

In attempting to teach the metric system, it is of first importance 
that the pupils be made familiar with the measures themselves. The 
Metric Bureau, Boston, is organized for the purpose of furnishing 
apparatus for teaching, and information upon this subject. 
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Valne of Foreigii (^i»\, in U. S. Money (g:old) as proclaimed 

hj the Secretary of the Treasury, January i, 1878. 



COUKTBY. 

Argentine Republic* , 

Austria 

Belgium 

Bolivia 

Brazil 

Bogota 

Canada* 

Central America 

Chili 

Cuba* 

Denmark 

Ecuador 

Egypt 

France 

Great Britain 

Greece 

German Empire 

Hayti 

In£a 

Italy 

Japan. 

Liberia 

Mexico 

Netherlands 

Norway 

Paraguay* 

Peru 

Porto Rico* ,. . .. 

Portugal 

Russia 

Sandwich Islands. . . . 

Spain 

Sweden 

Switzerland 

Tripoli 

Tunis 

Turkey 

U. S. of Columbia .. . . 
Uruguay* 



Unit. 



^«^— ^^>F I ' ■»■ 1^ ■ 



Peso f uerte 

Franc 

Dollar , 

Milreis of 1,000 reis . . . . 

Peso 

Dollar 

Dollar 

Peso 

Peso 

Crown 

Dollar 

Pound of 100 piasters. . . 

Franc 

Pound Sterling 

Drachma. 

Mark 

Dollar 

Rupee of 16 annas. . . ... 

Lira. 

Yen 

Dollar 

Dollar 

Florin 

Crown 

Peso 

Dollar 

Peso i 

Milreis of 1,000 reis. . . . 
Rouble of 100 copecks. . 

Peseta of 100 centimes. . 

Franc 

Mahbub of 20 piasters. . 
Piaster of 16 caroubs. . . 

Piaster 

Peso 

PatacoQ.. 



MSTAL. 



vx • • • • • 

a 

wj • « • • • • 

G & B. 
G. &S. 

G 

G 

G 

S 



G. 
G. 
G. 

S.. 



VJ ..... 

G. &S. 

G 

G. &S. 

G 

S 



k^» • • • • • 

G.&S. 
G..... 

G 

S 



u. s. 



I 



s. 



G. 
G. 

S. 



G 

G 

O • • • • • • 

G 
G.&S. 

VX •'•••• 

G.&S. 

Ot • • • • • 
k7 • • • • • • 

G 

S 



G. 



$1.00 
.453 
.19,3 
.96,5 
.54,5 
.91,2 

1.00 
.91.8 
.91,2 
.92,5 
.26,8 
.91,8 

4.97,4 
.19,3 

4.86»64 
.19,3 
.23,8 
.95,2 
.43,6 
.19,3 
.99,7 

1.00 
.99,8 
.38,5 
.26,8 

1.00 
.91,8 
.92,5 

1.08 
.73,4 

1.00 
.19.3 
.26,8 
.19,3 
.82,9 
.11,8 
.04,3 

.913 
.94,9 



* Taken from the Treasury circular for 1875, as they are not mentioned in 1878. 
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APFSNDIS: V. 

Saak tlUcottiit, or Sacpedltiotui Metho|ls of Oomputing Xnt«rMi 

for 33, 63 and 93 days. 

GENEBAIi METHOn,^FOB 19 BEB CENT. 

For 83 da. take ll-lOOOths of the Principal. 
For 63 da. take 21-lOOOths of the Principal. 
For 93 da. take Sl-lOOOthB of the Principal. 

Demonstration. — ^For 12% for 33 da,, letting P represent the 
Principal, we have 

300 X 100 1000 ^^ ^• 

10 

The others are demonstrated in the same manner. 

Observe that to take yj^ is to multiply by 11, and remove the 
decimal point three places to the left. 

To multiply by 11 write the Principal under itself, removing it 
one place to the left, and add ; to multiply by 21, write 2 times the 
Principal in the same way ; to multiply by 31, write 3 times the 
Principal in the same way. . . 

example.— Find the interest on |5d72 at 12% for 33 da., 63 da,, 

93 da, 

$5872 $5872 $5 872 

58 72 117 44 176 16 



|6459,Int. for 33 (2a. $123.31, Int. for 63 (fa. $182.03, Int. for 93 (io. 



EOB OTHEB BATES PEB CENT, THAN 19. 

First find 12% as above. Then, 

For 6%.— Take i of 12%. 
For 7%.— Add J to 6%. 
For 8%.— Deduct J from 12%. 
For 9%.— Deduct J from 12%. 
For 10% — Deduct } from 12%. 
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Note. — ^Whezx the Principal is a round number of hundreds of 
dollars, t2fc can be told at a glance : Thus 13% en $300 for 33 da. 
is $3.80 ; on $500, $5.50 ; on $700, $7.70, etc. Again, 12% on $300 
for 63 da. is $6.30 ; on $800, $16.80 ; on $700, $14.70, etc. For 
93 da. 12 fo on $200 is $6.20; on $100 is $3.10; on $400, $12.40. 
Thus it will be seen that for 33 da. the dollars in the interest are the 
hundreds of dollars in the Principal ; for 63 da., twice the hundreds : 
for 93 da„ three times the hundreds ; the cents in each case being 
the Principal with the right hand dropped. 

Szample.—- Find the interest on $600 at 6% for 33 da., 63 da., 
93 (2a. 

$6.60 $12.6 $t8.60 

$3.30 for 33 da. $ 6.30 for 63 da. % 9.i^0 for 93 da. 

Example.— Find the interest on $200 at 8% for 83 da., 63 da., 
93 (2a. 

$2.20 $4.20 $6.20 

.73 1.4 2.07 

$1.47 for 83 da. $2.80 for 63 da. $4.13 for 93 da. 



SPECIAL METHOD FOB 7 PEM CENT. 

For 83 da.^From 7-lOOOths of the Principal take 142. 

For 63 (2a.— From l-80th of the Principal take 1-50 of the 1-80. 

For 98 (fa.— Take ^^ of the Principal. 

1000 

Demonstration. — For 83 da. we have 

Sw of P)-(A of tAt of P). 

40 

(.zih-T^) of P=.(iiV-Vlr of W) of P. 



382 BANK DISCO [TNT. 



For 93 da. 


J00 X 100 ' 
190 


-liJJo 


of P= 


-^^ Of P 
"1000 "^^ ^' 




Example.— 


-Find the interest on |456 at 7^, for 33 da.. 


63 (2a., 


da. 












$456 

3.192 
.266 




$456 

5.70 
.11 




456 

3648 
88 





$2.93 for 83 da. $5.59 for 63 da, $8.25 lor 93 da. 



SFECZAL METHOD FOR 8 FEU CENT. 

For 33 (fa.— Take 7i-1000ths of the Principal. 
For 63 (?a.-Take 14 lOOOths of the Principal. 
For 93 <««.— From 21-lOOOths of the Principal take J of j^ of it. 

33 X 8 X P 71- 
Demon»traUon.-For 33 da. geoTiOO-^iOOO ^^ ^• 

^ 63x8xP 14 93x8xP 2p| 

^^ 360x100 ""1000^^ ^' ^^^ 360x100 "1000^^^- 



(21 1 1 \ 

UOOO 3 ®^ 1000/ ®^ ^• 



Ezample.—Fmd the interest on $1426 at 8 ^ , for 33 da., 63 da., 
93 (fa. 



$1426 


$14 26 


$1426 


9.982 


6 70 


28 52 


.475 


$19.96 for 63 da. 


$29,946 


$10.46 for 33 da. 




.475 
$29.47 for 93 da. 



SPECIAL METHOn FOB 10 JPER CENT, 

For 33 (fa.— Deduct 1-12 and divide by 100. 
For 63 (fa.— From twice the Principal deduct 1-4 of it and diride 
by 100. 
For 98 (fa.— To 1-40 of the Principal add 1-30 of the 1-40. 
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Bxample.— Find the interest on $3486 at 10^ for 33 da., 63 da., 

93 (to. 

$3486 $3486 

$34 86 69 72 87.15 

291 872 2.91 

$31.95, for 33 da. $61.00, for 63 da. $90.06, for 93 da. 



24. In computing interest or discount, "a year'' is a calendar 
year, and ** a month " a calendar month. To this there are no ex- 
ceptions in the States. Also, when years, months and days are men- 
tioned in the contract, the days are reckoned as 30ths of a month. 
But in transactions with the General Government, the month unit 
is dropped, and the time is reckoned in years and days, the days 
being called 365ths of a year. In New York, when time js specified 
in days, the days are to be reckoned as 365ths of a year. 

26. Notes falling due on Sunday, or on a legal holiday, are in 
most of the States required to be paid on the preceding day. In 
Connecticut if the day of maturity is a legal holiday falling on Sun- 
day, the note is due on Monday. In Maine and Nebraska, if the 
day of maturity is a legal holiday falling on Monday, the note is pay- 
able on Tuesday ; and in New York a note maturing on a legal holi- 
day, or Monday observed as such holiday, is payable the following 
day. 

26. In the following States simple interest can be collected on un* 
paid annual interest, viz.: Michigan (same rate as borne by the 
note), Ohio, Wisconsin, Vermont, New Hampshire, Iowa (6^). In 
Pennsylvania, and probably in Georgia, Illinois and Indiana, by 
special contract (only). In Massachusetts such annual interest can 
be sued for when due, but no interest can be collected on it 

27. In Pennsylvania a note for 30 da. is discounted at bank for 34 
da. ; one for 60 da., for 64 da. ; one for 90 da., for 94 da^ This prac- 
tice comes from counting both the day on which the note is drawn 
and the day on which it falls due. In the ordinary practice, only 
one of these is counted. 



ANSWERS. 



Pacres 85-4)6. i. 2853. X. 24871. S. 292587. I 68d96a 
6. 1084474 ^. 3618913. 7. 9901906. ^. 1245441. £^. 969754. 
10. 1234667890. IL 200000. IS, 111010. i5. 412524. i-#. 26072. 
i5. 207996. i6. 8696260. i7. 4177075. i^. 710891. i9. 10018537174a 

Padres 37-40. 7. 188. 8, 287. 9. 21. i^. 38. 15, 296. 
i6.175. i7. 284, 106, 46, 115. 18, 163. 19. 88967, 1880. J?4. 
101500. 25. 16624^ 81000, 7334, 40290, 47624. S6, 4020. ;e5. 148, 
48. 29. 2927. 

Pagre 50. i. 207861. 30796. f. 178054, 40286. S. 72217, 
44531. 4. 441189, 9217. 5. 67058, 1600. 6. 18816, 548217. 7. 
48383,7251. ^.9454,1. d. 42942. ia 224087. ii. 329463, 769247. 

15. 14551, 64712. IS, 94944, 294. I4. 997, 9792. iJ. 5188, 8028. 

Padres 51-55. S, 88. 6. 2235. 7. 642. 8. 1116. d. 2825. 
i(?. 2530. 11. 1900. i4. 8992. 15, 284. ie?. 85. i^. 1714 
SO, 1116942. ;fi. 88. SS. Lost, 22c. j?5. 41. S^. 111. ;?5. 33. 
J?6. Gain $50. S7. Gained $96. S8, |6. ;?5. 43, 48. SS. 4, 9. 
^5. 601. 36, 830. ^7. 785. -^0. 275. 46. 1618. -^7. 2747. 48. 492. 

Pagres 66-68. 5. 366, 482, 246, 484, 642. 8. 2934 9, 2268. 
i(?. 40135. i7.2292. i<?. 2a504. i5. 59822. i4. 4518. i5. 1230125. 

16, 4101632. i7. 4536. i^. 9738. 19. 20200. fO. 219138. 21. 
21416. ;?J?. 8827101. 

Pagre 71, f. 11730. ^. 6084. 8. 17963. i^. 981480. i7. 
11457760, i5. 89077316. ;?;f. 383055302665. ^(?. 2634951456554888. 

Pa«re 73. 4, 424480000. 5, 394240000. 6, 1759200. 7. 
22404000000. 

Padres 74-78. 4- Last two. 2048, 27424 5, 7700. 6, 896, 
4736. IS, 727776. i,y. 57.75, 68.25, 26.25. 14, 3456, i5. 168, 
672,720,744. 75.1440. i5. 480. ;?^. 10800. ;?5. 14688. ^<?. 11.31. 
40, 90, 138, 276. 
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(To give the answers to problems designed to teach the opera- 
tion of division is to destroy the value of the exercise. Hence such 
are omitted,) 

Padres 105-110. 7. 183. 9. 13. l^. 1.50. 18, 26, 50. 
1^8. 4ea ^9. 290.50. 3L 48, 2. SS. 2, 16. S9. 48. 40. 465.60. 
41, 68. j^, 8. 4^. Last, 832f ^7. Last, 11 Jf. 5J. 5826. 56, 539. 
57. 784. 5<9. 95. 69, 8500. 6^. 85. 

Pa^re 121. 7-18, i, I, *, }, f , }, f , f , J, i, i, i. S^-39. tJ, 
ir*, f » fi* TffT* ft a> 8» 8* 

Page 122. l^-^l. 56^, 56i\, 91|, 77^\, 2704/^, 8^^^, 
6mt, 1^1. 81, 93if. 

Page 123. i(?. V, ¥. ¥, ¥» ¥/. ^m*> HVf^. 

Page 124. i«5. s^, jyi, ifi ^o^^, iy*/, if i, 541, jjyn, i!^, 

Pages 127, 128. 19. 2400. fa 120. SI. 180. 5f. 252. 
;?J. 60. £4, 280. ;?5. 2730. S6. 120. f 7. 1560. ;?.?. 714. 29. 
4180. ^0. 2520. 

Page 129. 7. Hf » m iM- ^. f li, f f J> iff. 9. f f f, f ff , 
ifflf. -?^. ^JV, W\r* ^. ^^. AVy, T«iir. ^ifA. ^^. If I* JW. »?. 

i^. m, m H*. i!«. -?-^. m.W. ^^. WiiiMM. ^^. tHJt, 
Page 130. ;f. H, A. «^- «» I*, f *. •^. 48» 4*» M. f S- 

*\r»i». i^. ftf if f * if** m- ^^. A,A. ^^. f,*,i i5. iiW7, 
Hf > H». ^-^. AV Kf . U«. -^5. T*iAr, A% AV Iff. -?^. i h h 

Pages 133, 134. 4^. 10i|. 4^. 24^. 4<5. 18}. 4^. 56}. 
5;?. 3J. 54. lOf, 7f 57. 46ff. 68, H- "^^. IH- ^^- ^if- ^^' 
8A. 5f . 285nf . 

Page 135. 6. Hffi = 92^^. 6. ^^ = 30?. 7. ^^ = 67 
5. *fL = 1251- 9. J = If. 10. ^ = 5f . 11. ^V = 30tV. ^f. 
m^p. = 116HM. i-^. V = 3?. i5. V- = 3|. i6. ^ = 14f. 
17. if = 7}. i^. V = 5J. i^. V- = 5f . f 6^. Ap. = 53|. ;?i. 
^ = 21}. ;?f. ^^. ^. 260}. ;?J. 1647^. ^5. 12}. 27. 32. 
;?^. 24309}. 29. 2904}|}. 5^ 35?. 5i. 21}. 32, 60768. 5;?. 14. 

54. 63. 55. 132. 

Page 139. 28. }f . ;?9. A- ^0. f 5i. 122| . 5-e. 60a 

55. 16. 54. 156if. S5. 162. 55. 6. 57. ^^j^^, S8. AVr- ^^. 

3fttH. 
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Pa^re 141. 4^-51. A» 3A, lOi, ^%%, *, *, *, *, J. S^. 
h 1, 1. 108. 

Pa^re 142. 1^15. /j, H> A, A* A. Hf , A. tAVVt, tI t. A, 

7* rir* sisSs' its* liirbn* 

Pa^re 144. i6-^i. 26|. iff, JJ, 4821, 86, 53}, IJi, *, *, *, 
*. *, 2tt, *. *, TrA%^. 

Pa^re 145. 5J-^. SJJ, 2Jf, 2|, IJ, 9, ^Jf^, if, 6^^, 12, 
10, *, *. 

Pa^re 146. 9-18. 2, J, |-{, A. A, tftV isU* 12|. 19^1, 4. 
Padres 147-161. 9, *, *, *, *, *, ^, a. m *, |, f, 

J. ii. *, i{, 2H. i.?. *. *, I. A. U' h h h I 15, 6280, i, i, 
h 4, A, *. 17. H» f> A, Tft* A, ** M. i<^. *. *, A- 1^' 

A, A- ^0, A, }, A- ^3' 35. ^^. 90, 63. 25, 8, 64 ;^7. 8, 40, 15, 
15, 39, 50. 28. 308. 30. 2, 22, 27, 10, 2. ^5. 2i. 39. 24, 18, 40, 
15. JiO. 153|, 25, IJf -f^. ih 6f. 4>4. 42. ^. 20^. 4«. 20, 7i, 
-^7. 26. 53. 2, 2J, 3, 2|. 54. $2.21 J in 1117 favor. 56. Sflbs. 
57. I lost 85J«. 59. 36}. 50. 2H, $1.18f. 6^. $30.25. 65. 11», 
20, 52, 1, 38Jf. 5<?. Lost $1453}. 70. 30, 34|, 54^. 71. 15, 40. 
7^. 9 P. M. 73. 8 P. M. 74. 2, 4, 6, 2, 4, 6, 210, 150. 75. 100, 60. 
75. 11 P.M., 820. 81. lOxV ^9. $500. 90. 50 w. Pi. The second, 
4^ acres. 92. f. 55. 132 by 66. 96. 40. 97. Increased. 98. 
Diminislied. 100. 125, 73 ; 206, 89. 103. A, $32J, B, $24|. 

Page 167. 2. .15, .019, .0006, .024, .500, .000039, .100, .49, 
.0000010, .052, .00008, .800, .71, .000091, .0017, .2845, ,316. 
3. 69.903. 5-19. 5.000263, 980.004, 2.000000085, 200.0074, 8200.082, 
.00452, 65.521, 82.000000065, 763020.000108, .007529, .00475, 45.0375, 
3755226000.000543, 3.1416, 927864500.0002568. 20. 405.17, 300.5, 
1.027, 57.000802, 1002.0001804, 7.0005, 6.0007. 

Page 170. 19-36. 13.4875, 40.9375, .285714+, 13.555555 + , 

567567 + , 12.666666 + , 1.833333 + , 3.2, 10.04, 128.272727 + , 

13.416666 + , .444444+, .555555 + , .090909 + . .181818 + , .272727 + , 

.617777 + , .010101 + , .020202 + , .030303 + , 7.846154 +, 73.882352 + . 

Page 172. I-24. i A* h h h f. 23|, lOA, 3|, ^hs* Wjnr» 
1A» 1A» Irb. l.A» n. A. 8|, 8A, 15f, 15}, 15}, \\. 

Page 173. 2-5. 22249083, 1516.002, 1674.986, $1083.395 

Pages 174, 175. 5-20. 921.984, 677.584, 47.454, .997, 
4553. 44744, 7.76, .4563, 37.668, 9.9, .999, .85, 4.51, *, $211.09, 
24.05. 
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Pages 175, 176. 1-11. ♦, 32.9, $10.26, *, 13.12^ *, 
I owed 12.32, 21.25, 82, 5} yd., $6089.25. 

It is deemed inexpedient to give more answers than are 
found in the text, to the examples in the fundamental operations 
in Decimal Fractions. To give the answers to such problems, 
is to tell the student exactly the thing — tlie position of the 
decimal point— which he needs to learn by solving the example. 

Pages 182-187. (5. 12.2Ar. + . 7.20 m. Jf;^. $7.18. iJ. 
$15.49. 15. $489,834. 16. $197,041. 17. $13000. 19. $41.56 + . 
^0. $29450. £1. $11.72-. e£. $78.83. £S. $9.92. £4- $lli. 
£5. 1725. £6. $58.12i. £7. $15500. £8. $7.50. £9. $8.03-. 30. 
22J c. SI. 9i c. 32. To pay freight. 33. $84.37f 35. $5600. 
se. It will cost $32.50 more by rail. 37. 15 c— . 38. $186.60. 
39. $1071.04. 

Page 190. i. 24c. + , 2c.+, J<j.+, $1.22-, $5.11-. 

2. $27.25 + . Jf. $2.55 + , $1.42-. 

Page 191. e. $193000, $4.90-, $3.04-, $49.91-, $386, 
2849^.74 

Page 192. 4. $3.28-, 15 c.-, $2.54 + , $1.18-. $5.77-, 
5. 420.17 marks-, e. IO0 + . 7. 4.20 + . 

Pages 202-204. 8. $47.96. 9. $34,475. 10. \ mi. 11. 
90 sq. rd. 12. 1215, 2430. 13. 288a U. $3432. 15. 20 yd%. 16. 
$81.42. 17. 200, 27^, tfffM* (nearly 1). 20. ♦, 8.4. 2. 120 A 

3. 3. 4. 16f. 

Pages 206-209. 1. 5. 4- 4J. o. 14^. 7. 43}, 321 1, 
211 ; 87i, 28i, 18J ; 31}, 23xV. 15f ; 50, 37*, 25. 11. nn\. 
12. $2889-. 13. $10.01 + . 14. $39.12. 15. 38500 cu.yd. 16. 
31} cu. ft. 17. $693.41. i,?. 24 cu. ft. lb. 348|. 20. 13J wm. 
:^i. 28181. 22. 31674 i. 196, 256, 676. 2. 300, 547, 972, 817. 
3. 1152, 960, 640, 1280. 

Pages 211, 212. 4. 64, 16. 5. 2492.2 + , 27.19-. 6. 
103144.5, 3274.4+ . 15. About f (more exactly {^), 37.2 + . 

Page 215. 5. 53}. 7. 440.811 +. 10. Z met. 11 %(i% 
14. $5.04, $2.40, $3.34, 2 c, 
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rages 220-223. I. 8 a. m., 1 p. m. 4- U". 5, h^\ 37i'. 
7. 12 m. 42.5 sec,, 5 hr, 12 m. 42.5 »ec. P. M., 7 hr, 47 m. 17.5 aecT.'HL 
9. 90" 15' 15'\ iO. 2° 45'. i-^. 10 hr. 22 m. 8 jj^c. p. m. i^. 81 ?». 
86 sec. U. 52.2 + ; i5. 189.375 mi., 252.5 mt., 878.75 wt., 170.4375 
mi. i^. It will be 19 m. slow, 87° 43'. 

r 

Pages 228, 229. 57. 30A, 42f /a^ 55. 3710 yd. 59. 
lA wi. 66?. 1760 yd., 220 yd. . 61. 18^- rd., ^ rd. 62. \ A. 63. 
18150 sq. yd., ^ A. 66. 51i cw./e., -g\ cd. 67. 2S^S cu. yd. 68. », 
AV «^- ^^- 458 g^. 79. 41 6W. 80^0^. 1 qt. Opt. 80. 6288 i)^ 

Pages 234, 235. S. £4 4«. 2(f. 5. 6 }m. %pk. 2 qt. 6.2 pk. 
7 qt. 1 jpf . ie. 208 A. 115 «$. rd. 18. 20 ^o^. 2 yt 1 pt. 19. 3 (W. 

eo. 2 t/i. 

Page 236. 4- 21 yr, 8 fn<?. 19 da. 5. 19 yr. 4 mo. 21 da. 
6. 254 yr. mo. 27 da. 7. 1 yr. 2 mo. 10 da. 

Page 238. 5. 90 ^r^?. l ^^. , 1287 gal. 2 y«. 6. 6 Z&. 2 «s. 6i>«?e. 
51 ». 19 pwt. 12 ^r. <?. 552 mi. 20 rd. 14^., 1086 mi. 237 rd. 9/f. 
6 in. 9. 1921 da. 6 hr. 46 mm. 40 see. 10. 459° lO' 80", 61° 13' 
24". 132° 39' 2", 102^^ 2' 20". ii. 14 ». 1 ix 3 J 3j, 44 ». 5 iij 3 iv. 
SSlb. I vlj. 

Page 240, 5. 5 ^. 12| oz. 6. I vij 3 ij gr. 6|. 7. 2 ^. 
10 ^ty. rd., 122f sq. rd., 1 A, 93^ sq. rd. 12. 1 yd. Aft. 2 in. IJ^ 
63,4.6 + . 

Pages 241, 242. 4. 2.13, 14, 15, 20. 26, 50, 75, $3, $5, 

$10. 5. 7, 8, 9, 10, 11, 12, 13, 14, 15, 25, 50. 7. 11.26, 28, 30, 40, 
50, $12, $14, $16, $18, $20, $30, $40, $50. 8. 15, 16, 18, 20,30, 40, 
50 ; 45, 47, 49, 50, 60, 70, 80, 90, $1 ; 8, 9, 11, 13, 15, 25. 10. 32, 33. 
34, 35, 36, 37, 38, 39, 40, 50, $1, $1.50, $2 ; 37, 38, 39, 40, 50, $1. 
$1.50, $2 ; 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, $1. 

Pages 242-244. 2. $7, $2.62i. 3. $11.66|, $8.75, $17.50, 
$7. 4. $16.50, $22.50, $18.75, $16.87^, $18. 5. 8 *., 24 »., ♦. 
6. 3 »., *, 15 Vb. 7. $48, $31.50, $65. 8. *, $85, $281.25. 9. 
$1.06| ; $1.20, $1.50. 10. $5, $14, $2, $27.50. 12. $45. 17. 
$3.11i. 18. $256.66|, $1054.66|, $1415.55 J. 19. $1.89, $1.76}, 
$1.11, $2.50. 20. $1.80}, $1.21f, $1.39. 21. $1231.25, $651.25. 

• 

Pages 247-249. 22-30. $0,105, $21, $9.80, 8 c, $9, } c, 
8iw., $9,625, $12.50. 33. $1417.50, $381.70, $5.20, $132.50. 
34. 434, 266. 35. $81,396, $1,596. 86. $825. 37. $5786. 39. 
$4.40, $4.50, $5, $5.20, $4.60, $4.80. 40^ .0Q48, .060375, .060Q, 
,0615, .0603, .06105, .063, .Q8?7. 
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Pages 250-253. IS, 25, 16, 17H, 50, 10. 13, 20, 80, 100. 
SO. 25». 75. 23. 100, 20, 10. 24, 25, 12i. 6 J, 87^, 3, $8.04+. 

4. 26 c. 

Pages 254-256. 1. $5.76. f. $485. 3. 4%. <#. $22.78. 

5. Gain 12%. 6. $17682. 7. $1.25. 8, $48. P. 19%+. i^. 6% 
Dis. ii. 10% loss, 20% loss, cost 62 J c. 12. i%. 13. Infinity %. 
i-#. $8888.89-. i5. l^^%yl^%, 16, 108^%. i7. 6f c. 18. 
$228.26. i9. 38H %, $249.42. ^^ 68%, $64600. 

Pages 260, 261. i5. $884.09 + . 21. $9.22. f ^. $132.37. 
23. $759.80. 24. $15.82. f5. $45.84. 26. C0.955. ^7. $0,088. 
28. $504. ;e9. $4.72. ,?^. $22.46. 31. $80. 5^. $3.60. 33. 
$86.51. ^-#. $455.39. 5J. $8.05. 36. $4.66. .?7. $0,606. 38. 
$24.90. 5S>. $71.48. 4^. $0.46. 41. $11.25. ^. $45. 43. $9.41. 
^. $179.64. 45. $113.05. 4j6. $15.40. -^7. $412.78. 4S. $28.75. 
4^. $80.85. 5(>. $87. 

Pages 263-265. 5. $4.29. 6, 6.81. 7. $118.40. ^. $1.46, 
$21.97. 9. $14.16, $45.04. 10, $400, $705.54 ii. $10.82. 12. 
$45.59. i^. $10.55. ie. $148.18. 17. $61405. i5. $39.88. 19. 
$788.88. m $427.50. ;^i. $1680. 22, $757.50. -?^. $148.87, 
$98.08, $107.25. 

Page 266. 4. $29.73 ; $87.58. 5. $8.94 6, $464. 7. $7.84 
^. $68.07. 9. $186.60. i^ $1498. 11. $3.07. i^. $0.84 

Page 268. 3. $258.67. 4. $185.84 5. $618.27. 5. $437.51. 
^. $440.08. 9. $805.27. i^. $501.54. 

Pages 272, 273. 6. $13498, $78.22. $61.02. 7. $58.22. 
<?. $99.51. 9. $101.77. 11. $15.50. 12, $89444 IS, $7.21. i^, 
$1.35. 14^ $5412. i(?. $72468. 

Pages 274, 275. S. $393.63. 4- $108.24 (>. $441.82. ^. 
$95.07. 9. $320.96. 10. $643.46. 

Page 281. 6. $172.46. Page 285. 9, $1025.51. 

Pages 289, 290. 9. $4038.46.' 12. $49.12. 15. $3.02, $1.58, 
$6.87, $2.26. 

Pages 291-294. 1. $2.75. 2. $6. 3. $383.84. 4- $490.08. 

6. $487.04. 6, $3756.57. 7. $729.49. 15, $3670.61. 

Page 295. 1. $381.21, $385.14 2. $470, $475. 3. The first 
is 63|, or QZ%,perxinn., and the second 45|, or 45%, (as a day is 
called ^J^ yr., or TfJ^.) 4- $o4. 

Page 296, 8. $803.21, $3.21. i?. $811.10, $3,244+. 
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Pa^es 300, 301. 5. $25000. 10. $3811.06. IJ. $12,670,. 
357.75 ; $54,30i;533.21. 12, $50,314.29. 13, $162,764^3. ^ 

Pa^es 302-311. 4- $517^. 5. 38|. 33i, 22|, llj. 7. 10 c. 
S. $77.'36. 13, 3 yr. 9 mo. 18 da. U. 10%. 15, 10i%. 16. 4 yr. 
3 two. 6 da., 6yr.lmo. 13 <ia., 8 yr. 6 mo. 12 da. 17. $520.23, $1250, 
$681.82. 18. $77777.78-, $58333.33 + , $47945.21-. 19. 20 yr., 
16|, 14?, 10, The same. 21. 133^, 21, 45^\. 22. $4700. ^4. 11 yr. 
9 wo. 13 (to. 25. 990 yr, ^6. 2 c. 28. $44.64, $45.45, $50. 31. 
$0.95sV ^(?. $1,00 AV; $503.18; $454.71; $102.26. 49. 5i + . 
5^ 5J + . Ji. 7f J^. $1080; 7||% ; $1120; 7i}%. J.?. 9j\\^o; 

9A%. 

Page 320. i-i^. 171. ^i, 3i, 32, .588+, 4iV 1.38 + , 
32571.43-, 210, |, 7, UJ- 

Pages 321-323. -^. 1152 bu. 5. $130. <?. $315.91. 11. 
$244.80. 13. i teaspoonful ( 3 i). U- H gr. 16. 1089.4 yiJ. + . 

17. 3.1 mi. nearly. 18. 185,485 mi. per sec. 19. 7} nearly. i?a 
17 yr. 84 da. 21 hr. 32 wm. 33 sec. 21. 180, 204; 147^V, 236 A; 
109f, 274|. 22. 27, 63, 45; 30, 45, 60. 23. 150 /if. 

Pages 333-338. 1. 7fi A. 2. 80 ref., 126.49 rd + , 40 rcf., 
56.56 re?. + . 3. 54. ^. 10.09 rd, 3.99 /^, 180.54 re?. 12. 512 cm./^, 
411.4+ . i5. 59.9 + in. on an edge, 3 cu.ft. 960 ct*. in., or 2.9 &tt. +,. 

18. 7 ft. 5.7 i7i. + . f.?. 408.9 en. ft. + , in all. ^5. 150.8 cu.ft. -. 
^S>. 77.59 &W. 30. 261.86 &&;. ^i. 2,986,811,024,414,968,223,812 tons. 

Pages 341-343. 1. Yard ; 5.03 m.\ 3.65 m.; 6.09 x 7.31 m. 

3. About f as long ; about | as long. 7. 233.357 Km. ; 463.49 ^m. 
8. About f wt. P. 24.854 mi. 10. 1 JTm. in 1 min. 17 »e<j. ; 1 Km. 
in 3 min. 6 ««c. ii. The latter is 1 Km. in 1 min. 39 «€C. ; and 
hence is the faster. 12. .03937, or .04 nearly. IS. About .0004, 
and .000004 respectively. U. -^^ ^^, ^, ^j^ in. respectively. 

' Pages 343-345. 1. 31 c. ; 13| c. ; Hi <j. 2. 27.21 ^^. ; 
14^ Kg. ; ^.4 J5&. ; 88.9 JS^. 5- .4536 JTp'. ; 2.2046 W. S. The 
latter. 6. OJ c^r. ; 13 dg. ; 4 ^. 7. 28.35 g. ; 113.4. ^. 8 mg. 10. 
2.06 JT^r. i^. $9.92, $13.23. 

Pages 345, 346. 1. Our liquid quart is a very little less 
than a liter, and our dry quart a very little more ; A little more than 
8f; 119.2 nearly; 9^ nearly. 2. 8.8+; 17.6 + . 3. 170J ». 4. 
$1.28. 5. $3.32. 8. .8. c9. 10.32 JT^r. i6>. 1.018. ii. 1.842. 

Page 347. 1. 259 very nearlv. 2. $101.17. 3. 10f+. 4. 
$12.50-. J. 40. ^,18. i. 78.04 m ;?. 55.18, ^,882.^+, 

4. 12,00Q, 
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Pa^es 348-351. /. 23J. 2. JJ. 3, m 4. 32/^. 6, 13/j. 

6. yVr- ^- iff- ^- A- ^' ^T%h' l^' 1812.59. ii. 400,000,000. 1^, 
10350^. iJ. 1294453«r. U- .00666. i5. 40,000,000. i(5. 95}J|. 17. J. 
-?'^- AWt- ^^- 2- tJt^- ^^. 1000. 21\ TifHTir- ^ ^- • 13.499. 23. 
13333. 3738li. 2J^. 4.1306 + . 25. \. 26. 3.9686 + . 27^ 10.2774+. 
28. 20.5. 5176- . i'i^^S and 6. m Yes. 5i. No; ^16+ i^'i is 6, 
while Vl6+4i8 V20, or 4.47 + . 33. 1. 33. 4.3958-. 34. Jf 
35. 24. 5^. 2f 57. 6f. 5^. 61^. 39. y^. ^. .OOOOOf. ^i. 
.0098iJf. ^. 3.6305 + . 43. 3.2404-. 44- 2. 45. Yes; each is 2 
4jS. No ; the first is 2, and the seJwnd Vt^ = 3.4 + . ^7. 1. 48. 0. 
45. 8. 5^. 64. 61. /^. J^. 3.6178 + . 63. .8216-. 5>^. .8126-. 
55. Iff. 56.3.7417-. 57. .5477 + . 5<?. 1. 5^2.0207 + . 6^.7107-. 
61. \i. 62. 116Hf. 63. 1452^*oV ^4- 1-3. 65. 25. 66. |Jf. 
<?7. A. 65. 37Vr. ^5. IH- T-t?. 73TVir. 71. 151J. 7^^. 3741.3258-. 
75. 148.401475. 74. IJHi- 75. 10.0259 + . 76. J\?AV 77- Wt/V- 
7'^. HM- 79. 1.21253. <?^. IjVVV <^^. A¥(rVi^. ^^- S^IS- ^«^. 27. 
^4. 2A, 2i| , 3A. 55. 2^^j, 2^, 7xVt- <^^. 3^^, Iff, H, 8? J. 57. 
500, 500, 250. 55. $873,563, $1091.954, $1019.157, $815,325. 92. 

AVA. 93. ^VirViF^A. 94. imi' 96. m- 96. ^^. 97. HJ|f. 
98. The ratio of 1 to .5144 99. 183.245 + . 100. .1385 + . 

Pages 351-368. 1. 20%, 50%, llfj%- ^- 183^, 110, 
157|. 3. 12tV%,20%,60%, 4. 12^%, 33J%, 6%. 5. 95^^,90^, 
89f, 96A. 96iJf . 6. $202.84, $353.24, $253.27. 7. $397.19. 5. 
$7303.55, $2576.45 gain. 9.8^%+. m $795.83. ii. $495,625. 
i<^. $291.31. 13. 3 yr. 3 mo. 9 da. I4. 16 yr. 8 mo., 14 yr. 3 mo. 13 
da., 12 yr. 6 mo., 10 yr. i5. 14 yr. 2 w<?. 13 da., 1 yr.Z mo. 5 -(fa., 17 yr. 
8m>o.\da. 16. $3800, $4470. 17. $9944.06. 18. $5060.54. 19. 
$5031.37. ;?^.6%. ^i.8J%,6|%. ;^^. $1260. ;g'5. $161.5.41. 24.Z%. 
;^5. $18000. <?6. $54259.36, $94.95. ;g'7. 38%. ;?5. $301.92. 29,Z\i\y 
15, 1879, $1278.50. 30. Sfc 31. May 23. 32. $226.11. S3. 83% -. 34. 
12i%. 55.26%. 56.175. 57. $1697.92. 55. $8. 5i?. $189,473 + . 4I. 
10W\y%» or practically 11%. ^. 13^^%, or 13%+. 43.106j%fc, 
10741%. U'9Alifo,90\^fo. 4^. 33i%. 46. 60%, 100%, 16f%. 
47. i gal., 1 ^a^., 1 J gal. 4^. $1453. 4^. $772. 

Pagres 368, 361. 1. The first nearly doubles it (V/), the 
2d 8| times, the 3d 8 times its former capacity. 2. 21 % , or it is 
made to hold l^j^ times as much as it did at first ; 33^^%, or 1.831 
times as much as at first; 800%, or 4 times as much ; 700%, or 
8 times as much. 5. 67i Ih. 4. 41760. 6. $60.25. 6. 4f+. 

7. 137 ». li oz. 8. 5.642 ft. 9. 6.59 /f. + . 10. 19.9 gal. 11. 
15 mi. 12. 874}. 13. The Trade Dollar is actually worth ^^tr, or 
about 8j% more than the common silver dollar. 14. $76.06. 
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15. ISOJff cu.ft. 16. J as long. IS, 648 sq. in, 19. 1.154 /if. + on 
an edge. 20. IJ, 4, 4 BL The latter, in the ratio 108 : 125. ^. 
186.956 lb. 23, 2357 Vb. nearly. £-#. 4391 »., or 2.4 tons-. j?5. 
IJ ton8+. J?5. 6148 ». 27, 120.8 6W. ;^5. 181.6 Imsh., 64 jff^., 
4942.4 JKj;. 30. 10 acres. 5i. 21 sq. ft. 

Pages 362-368. i. $183.05. 2. $59. 06 J, $94,584. 5. 

27.49/1?. + . 4. $186, $234 J. 6 j^, 9 A:, 18 i?r» 25^^,25,200. e. Ev- 
ery time the 2d goes 3|, and the first 2^ times around ; after the first 
has gone 5 times, and the 2d 7 times around. 7. $843.30—. S. 
Sft. 11.23 in,, Uft. 10.7 in. + . 5. 5 : 9. 11. 27 : 1331. 12. 1.633-. 
1.154 + , 1.414 + , 1.732 + , 1. 14. 13^ da. 17. 20 da. 22. $1109.09. 
27. $738.61 + . 20. .316 + , .928, 1.2, .158 + , 1.91 + . 4^. 157^: *• 
46. 40%. 47. $10. ^<9. 13° 41'. 52. 32, 56; 19}, 29 J. 39 J. 53. 
24,32. 54. Increased, :ft ; decreased, 3^ ; neither. 56. 1245550.9 + . 
58. $416.88i. ^0. 4825 grams, 6.44 grams + . 

Note.— A French silver franc really weighs 5 grams, and hence is actually 
worth iu silver 20c: The valae, 19.3c., is the relative value of the French and 
American gold coins. 
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KENDRICK'S XENOPHON'S ANABASIS. 

533 Fagres. 

Comprising the whole work, with Kiepert's Revised Map of the Route of tha 
Ten Thousand^ Introduction, full though brief Notes, and complete Vocabulary, 
by A. C. Kensrick, D. D., LL. D.j Rochester University. • 

BULLIONS'S 

LATIN^EN GUSH AND ENGLISH-LATIN DICTIONARY. 

(1,258 pages.) This book has peculiar advantages in the distinctness of the 
marks of the quantities of Syllables, the Etymology and Composition of Words, 
Classi6cation of Syllables, Synonyms, and Proper Names, and a judicious 
Abridgment of Quotations. For cheapness and utility it is unequalled. 



LONG'S ATLAS OF CLASSICAL GEOGRAPHY. 

This Atlas, by George Long, M. A., late Fellow of Trinity College, Cam- 
bridge, contains fifty-two Maps and Plans, finely engraved and neatly colored; 
with a Sketch of Classical Geography, and a full Index of Places. The' maps, 
showing the ideas which the ancients had of the world at various intervals from- 
Homer to Ptolemy, and the typogra]»hical plans of ancient places, battles, 
marches, will be of interest and advantage ; and the AUas will be of great help 
to classical students, and in libraries of reference. 



BAIRD'S CLASSICAL MANUAL. 

(200 pages.) This is a student's hand-book, presenting, in a concise form, an 
epitome of Ancient Geography, the Mythology, Antiquities, and Chronology of 
the Greeks and Romans. 

IjOOKER'S NEW PHYSIOLOGY. 

376 Pages. 

Revised, corrected, and put into the most perfect form for text-book use, by J. 
A. Sbwall, M. D„ of the Illinois State Normal University. 

Thi* JVew "PhyHologiy has been JVewly Blecirofyped in large-sized tj'pe, 
using the hlneJc-faeed type to bring out prominently the leading ideas. It 
contains a full series of Questiont at the end of the book, and a complete 
GioMfaty and Index, 

IJOPKINS'S LECTURES ON JJORAL SCIENCE. 

Delivered before the Lowell Institute, Boston, by Mark Hopkins, D.D.,Pre*^ 
Ident of WiUiapas College. 

^yal I2mo, cloth, 



ENGLI SH LITERA TURE. 

SffAWS NEW HISTORY OF ENGLISH AND AMERICAN LIT- 
ERATURE. 

404 Pages. 

Prepared on the basis of Shaw's " Manual of English Literature," by Truman 
J'. Backus, of Vassar .College, in large, dear fype, and especially arranged 
for teaching this subject in Academies and High Schools, with copious references 
to *^ The Choice Specimens of English and American Literature." It contains a 
map of Britain at the close of the sixth century, showing the distribution of its 
Celtic and Teutonic population ; also diagrams intended to aid the student in 
remembering important classifications of authors. 

CHOICE SPECIMENS OF AMERICAN LITERATURE AND 

LITERARY READER. 

818 Pages. 

Selected from the v/orks of American authors throughout the country, and 
designed as a text-book, as well as Literary Reader in advanced schools. By 
Benj. N. Martin, D. D., L. H. D. 

DR. FRANCIS WAYLAND'S 

v-a.i-.xj^bi-.;e: ser,ie)s. 

INTELLECTUAL PHILOSOPHY (Elements of). 

426 Pages. 
By Francis Wavland, late President of Brown University. 
This work is a standard text-book in Colleges and High Schools. 

THE ELEMENTS OF MORAL SCIENCE 

By Francis Wayland, D. D., President of Brown University, and Professor of 

Moral Philosophy. 

Fiftieth Thousand. 12mo, cloth^ 

♦** This work has been highly commended by Reviewers, Teachers, and 
others^ and has been adopted as a class-book in most of the collegiate, theologi- 
cal, and academical institutions of the country. 

ELEMENTS OF POLITICAL ECONOMY. 

By Francis Wayland, D. D., President of Brown University. 

T-wenty-sixth Thousand. 12mo, cloth, 

*♦* This important work of Dr. Wayland's is fast taking the place of every 
other text-book on the subject of Political Economy in cur colleges and higher 
schools in all parts of the country. 

We publish Abridged Editions of both the Moral Science and j^litical 
JSeonomjy, for the use of Schools and Academies. 

SHELDON & COMPANY, 

NEW VO'^K. 



OLNEY'S SERIES OF ARITHMETICS, 

A full Common School Course in Two Books. 

OLNEY'S PRIMARY ARITHMETIC, - 
OLNEY'S ELEMENTS OF ARITHMETIC, 

A few of the characteristic features of the Primary Arithme- 
tic are : 

/. sidapiabiliiy to use in our Primpjy Schools— furnishing models of exer- 
cises on every topic, suited to cla»9 exerciset and to pupils' work in their seats. 

2, It is based upon a i/torouffh analytit of the child-mind and of the ele- 
ments of the Science of Numbers. 

«?• SimpUcily of plan and naturalnets of treatment 

4. Hecognizes the ditlinciion between learuinf/ how to obtain a result 
and committing that result to memory. 

5. It fuii of praciicai expedients, helpful both to teacher and pupil. 

6*. Embodies the spirit of the Kitidei*ffavten methods * 

7. Is beautifully illustrated by pictures which are object lessons, and 
not mere ornaments. 

The Elements of Arithmetic. 

This is a practical treatise on Arithmetic, furnishing in one book of 308 
pages aii the arithmetic compatible with a well-balanced common-school course, 
or necessary to a good general English education. 

The processes usually styled Mental Arithmetic are here assimi- 
lated and made the basis of the more formal and mechanical methods 
called Written Arithmetic. 

Therefore, by the use of this book, from one-third to one-half the time 
usually devoted to Arithmetic in our Intermediate, Grammar, and 
Common Schools can be saved, and better results secured. 



These books will both be found entirely fresh and oriffinal in plaft, and 
in mechanical execution ahead of any offered to the public. No expense has 
been spared to give to Professor Olney's Series of Mathematics a dress 
worthy of their original (tnd valuable features, 

A Teacher's 

HAND-BOOK OF ARITHMETICAL EXERCISES. 

to accompany the ELEMENTS OF ARITHMETIC, is how ready. This book 
furnishes an exhaustless mine from which the teacher can draw for exercise 
both mental and written in class-room drill, and for extending the range ot topics 
when this is practicable. 

THE SCIENCE OF ARITHMETIC, 

The advanced book of the Series, is a full and complete course for Ifit/h 
Schools, and on an entirely original plan. 

SHELDON & COMPANY, 

NEW Yont-t. 
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OLNEY'S HIGHER MATHEMATICS. 
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There is one feature which characterizes this series, so unique and yet so erai^ 
nently practical, that we feel desirous of calling special attention to it It is the 
faciiity with which the books can be used for Classes of alt Grades, 
and in Schools of the tvidest diversify of j^urpose. Each volume in the 
series is so constructed that it may be used with equal ease by the youngest and 
least disciplined, and by those who in more mature years enter upon the study 
with more ample preparation. This will be seen most clearly by a reference to 
the separate volumes. 

Introduction to Algebra 

Complete School Algebra 

University Algebra 

Test Examples in Algebra. 

Elements of Geometry, Separate 

Elements of Trigonometry. Separate 

Introduction to Geotnetry, Parti. Separate 

Geometry and Trigonometry. School Edition 

Geometry and Trigonometry, without Tables of 
Logarithms. University Edition 

Geometry and Trigonometry, with Tables. Uni- 
versity Edition 

Tables of Logarithms. Flexible covers 

Geometry. University Edition. Parts I, II, and III. . . 

General Geotnetry and Calculus 

Bellows^s Trigonometry 



There is scarcely a College or Normal School in the 
United States that is not now using some of Prof. 01ney*s 
Mathematical works. 

They are original and fresh— attractive to both Teacher 
and Scholar. 

Prof. Olney has a very versatile mind, and has suc- 
ceeded to a wonderful degree in removing the difficulties 
in the science of Mathematics, and even making this study 
attractive to the most ordinary scholar. At the same tizne 
hie books are thorough and comprehensive. 

NEW YORK: 

SHELDON & COMPANY, 



HISTORIES OF THE UNITED STATES. 



Lossing^s Tidniary History of the United States, 

238 pages 

For the youngest scholars, and illastrated with numerous 
engravings. By Benson J. Lossing, LL.D. 

Lossiuf/^s Outline History of the United States. 
400 pages 

In elegance of appearance and copious illustrations, 
both by pictures and maps, the Outline Histoby surpasses any book 
of the kind yet published. 

1. The work is marked by uncommon clearness of state ^ 
tnent^ and the most important facts in our history are presented in few 
words and small space, and in the attractive form of an easy-flowing 
narrative. 

2. The narrative is divided into Six Distinct Periods, namely : 
DlscaverieSy Settlements, Colonies, The devolution. The Nation^ and The 
Civil War and its Consequences, 

8. The work is arranged in Sho7't Sentences, so that ths 
substance of each may be easily comprehended. 

4. The Most Important JEvents are indicated in the text b; 
heavy^faced letter • All proper names are printed in italic letter. 
6. I^ull Questions are framed for every verse. 

6. A Pronouncing Vocabulary is furnished in foot-note* 
wherever required. • 

7. A Srie/' Synopsis of topics is g^ven at the close of each 
section, 

8. An Outline History of important events is given at the 
close of every chapter. 

9. The work is Profusely Illustrated by maps, charts and 
plans explanatory of the text, and by carefully-drawn pictures of 
objects and events. 

10. The Colonial Seals are believed to be the tmly strictly accu- 
rate ones published, said have been engraved especially for this book. 

11. A few pages devoted to ^iograp/iical JVotes, I'acts to 
be specially remembered, and a Topical Review constitute 
a valuable feature of the work. 
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OOLTON'S NEW SEEIES OF GEOGEAPHIES. 

The Simpkit, most Practical, and Cheapest Series yet published. 

The whole subject for Common School Use embraced in Two 
Books. JVith three full sets of Maps, entirely sepa^ 
rate. \st. The Study Maps, containing all that the scholar should 
learn. 2<2. The Railroad Maps, full and complete, showing all the 
great routes of travel. M. T%e Eeference Maps, as full and accu' 
rate as in any $20 reference atlas, and marvels of beauty. 

CiMon^s Nen) Introductory Geogriaphf/. (103 pages.J 

In Two Parts. Part First, containing Preliminary Devel- 
opment Lessons, is designed to impart to the pupil the simple, 
elementary ideas necessary to a clear comprehension of the more 
formal and concise statements of the text. Part Second contains 
Recitation Lessons, elegantly illustrated with 18 entirely new 
Maps, drawn expressly for this book. This book contains the best 
and clearest Maps which have ever been issued in an introductory 
Geography, and is in every respect an admirable book for the 
beginner. 

The language used is clear and simple, and can easily be under- 
stood by any child old enough to begin the study of Geography. 

Cotton's Common ScJiool Geographij. (134 pages.) 

Elegantly illustrated by numerous Engravings and 38 Maps, drawn 
expressly for this book. The general principles of Physical Geog- 
raphy are embraced in this book. It contains two large BaUrond 
Maps constructed on an entirely original plan, which renders all 
the great routes of travel perfectly distinct. Also, twelve full and 
complete Commercial and Reference Maps of the United States in 
sections. 

Cotton's New Series of Geographies, embracing ttoo large 
Railroad and twelm*complete Reference Maps, is by far the best Series 
of Geographies ever offered to the American public. They are 
perfectly adapted to the wants of the school-room. They present 
in the most attractive and intelligible form what every intelligent 
child should learn. 

The Maps have been conetructed with the eingle idea of meeting the exact 
requirements of the class-room, and removing all unnecsscary difficulty in their 
use by the scholar. 

The series Is rendered very attractive by the tioo lirge double-paged RaUroad 
Maps, cousimcted on an entirely orif?inal plan, on which ail the great routes qf 
travel are rendered perfectly distinct by heavy black lines, and the name of each 
railroad distinctly engraved on the map. These Railroctd Maps are valoable, 
both for purposes of study and reference. 

The series of Reference Maps is fhlly worth the entire price of the book, and 
obviates the necessity of any other maps of oar own country for ibmily and 
reference use. 



TEXT-BOOK S CN GO VERNMENT. 

ALDEJrS CITIZENS MAXVAL. 

188 Pages. 
A Text^Book an Civil Governmeni. in connection with American Institutions. 
By Joseph Alden, D. D., LL. D., President of the State Normal School, Al- 
bany, N. Y. 

This book was prepared for the purpose of presenting the subjects of which it 
treats in a manner adapted to their study in Common Schools. It has beea 
extensively adopted, ana is widely used, with mopt gratifying results. It is intro> 
ductory to this author's larger book. 

T^I^ SCIUJVCII OF GOmSJVMUJVT, 

In connection with American Institutions. 295 pages. 

By Dr. Alden. Intended as a text-book on the Constitution of the United 
States for High Schools and Colleges. This book contains in a compact fonn 
the facts and principles which every American citizen ought to know. It may be 
made the basis of a orief or of an extended course of Instruction, as circumstances 
may require. 
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PATTERSON»S COMMON SCHOOL SPELLER. 

160 Fasres. 

By Calvin Patterson, Principal Grammar School No. 13, Brooklyn, N, Y. 
This book is divided into seven parts, and thoroughly graded. 

PATTERSON'S SPELLER AND ANALYZER. 

176 Pages. 

Designed for the use of higher classes in schools and academies. 

This Speller contains a carefully selected list of over 6,000 words, which em- 
brace all such as a graduate of an advanced class should know how to spell. 
Words seldom if ever used have been carefully excluded. The book teaches as 
much of the derivation and formation of words as can be learned in the time al- 
lotted to Spelling. 

PATTERSON'S BLANK EXERCISE BOOK. 

For Written Spelling. Small size. Bound in stiff paper covers. 

40 Fa^es. 

PATTERSON'S BLANK EXERCISE BOOK. 

For Written Spelling. Large size. Bound in board covers. 

72 Pagres. 

Each of these Exercise Books is ruled^ numbered^ and otherwise arranged to 
correspond with the Spellers. Each book contains directions by which written 
exercises in Spelling may be reduced to a system. 

There is also an Appendix., for Corrested Words., which is in a convenient form 
for reviews. 

ISy the u»€ of these 'Blank Exercise IBooks a class ^/ four hundred may ^ 
in thirty minutes., spell fifty words each., making a total of 20.1000 words^ am* 
carefully criticise and correct the lesson : each student thereby receiving th^ 
benefit cf spelling the entire lesson and correcting mistake'!. 



DR. JOSEPH HAVEN'S 

VALUABLE TEXT-BOOKS. 

Dr. Haven's text-books are the outgrowth of his long experience 
as a teacher. Prof. Park, of Andover, says of his Mental Philos, 
OPHY : " It is distinguished for its clearness ©f style, perspicuity of 
method, candor of spirit, accuracy and comprehensiveness of 
thought." 
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MENTAL PHILOSOPHY. 

1 vol. 12mo. $2.00. 
INCLUDING THE INTELLECT, THE SENSk3!UTIES, AND THE WILL. 

It is believed this work will be found pre-eminently distina;uished for the com<» 
vlcteness with which it presents the whole subject 

MORAL PHILOSOPHY. 

INCLUDING THEORETICAL AND PRACTICAL ETHICS. 
Royal 12mo, cloth, embossed. $1.78. 

HISTORY OF ANCIENT AND MODERN PHILOSOPHY. 

Price $2.00. 



Dr. Haven was a very able man and a very clear thinker. He was for many 
yeai^ a professor in Amherst College, and also in Chicago University. He pos- 
sessed the happy faculty of stating the most abstract truth in an attractive and 
interesting form. His work on *^ Intellectual Philosophy" has probably had 
and is having to^ay a larger sale than any similar text-book ever published in 
this country. 

From GEORGE WOODS, LL. D., President Western University of Pennsylvania. 

Gentlemen : Dr. Haven's History of Ancient and Modem Philosophy sup- 
plies a ffreai wattt. It gives such information on the subject as many stu- 
dents and men, who have not time fully to examine a complete history, need. 
The material is selected with good judgment, and the work is written in the au- 
thor's attractive style. I shall recommend its use in this department of study. 

From HOWARD CROSBY, D. D., LL. D., Chancellor of University of New York. 

Messrs. Sheldon & Co. have just issued a very comprehensive and yet brief 
survey of the History of Philosophic Thought, prepared by the late Dr. Joseph 
Haven. It is well fitted for a college text-book. 

Its divisions are logical, its sketch of each form of philosophy clear and dis- 
criminating, and its style as readable as so condensed a work (an be. I know 
^o/no compendium which gi$'es the bird's-eye view of the histoty of 
philosophy as thoroughly as this hand-hook ofDr, Haven. 

SHELDON & COMPANY, 

NEW YORK. 



Sheldon d: Cotnpanj^s Text^^ooks. 



SCHOOL AND COLLEGE CLASSICS, Etc. 

Long^s CUtssical AUdSm Constructed by William Hughes, 
and edited by George Long, formerly Professor of Ancient 
liAuguages in tlie University of Virginia. With a Sketch 
of Ancient Geography, and other Additions, by the Amer- 
ican Editor. Containing Fifty-two Colored Maps and Plans 
on Twenty-two large imperial quarto Plates, beautifully en» 
graved on steel in the clearest and most finished style. With an 
index of Places. Handsomely half-bound, with cloth sides, in 
one large volume. 

"Now that we are eo well enpplled with daeeical dlctioiuiries, it is highly 
desirable that we should also have an atlas worthy to accompany them, m 
the vohime before us is to be foand all that can be desired. The names of 
those who have been concerned in its preparation speak for themselves. On 
examination, we find it adapted to the present state of classical scholarship, 
and distinguished by a superior style of execution. The wants of the classify! 
student liave been carefully consulted throughout ; all places of peculiar inter- 
eat, such as Rome, Athens, and its harbors, Syracuse. &c., being given upon 
an enlarged scale, and the relative positions of the public buildings, roads, &c., 
clearly^ exhibited. We notice, also, that places which have more than one 
name in the classics, such as Dyrrachium and Epidamnus, Carchedon and Car- 
thage, appear with both in the AXiB&J^'^—Athencmm, 

Tlie dassical 3Tanunl : an Epitome of Ancient Geography, 
Greek and Homan Mythology, Antiquities, and Chronolo^. 
Chiefly intended for the use of Schools and Colleges. Compiled 
by James S. S. Baibd, T. C. D., &a In one handsome 18mo 
volume, of about 175 pages. 

The want has long beeu felt and acknowledged of an epitome, present- 
ing, in a moderate space and a low price, such information as is necessary 
for the proper comprehension and appreciation of the classical authors most 
commonly read in our schools. The oDject of the present volume is to supply 
thii want, by aflTording, in the most cendensed form, and in such a manner as 
to admit of its being thoroughly mastered and retained, all the information 
respecting classical antiquity which is requisite for the earlier stages of study. 

SchmMz 4R ZumpVs VirgiU Eclogues^ Georgics. and 12 
Books of JSneid. 1 vol. 16mo. 

Morace. Odes and Satires. 

Ovidm Select Poents. 

Livy. Books I., II., XXI., and XXIL 

Cooper^s Virgil. With valuable English Nq^ 

KaltschmidVs Latin Dictiotuiry for Schools. A 

School Dictionary of the Latin Langu^e, in two parts, Latin- 
English and English-Latin. By Dr. Kaltschmidt. Forming 
one large royal 18mo volume of 850 pages, closely printed in 
double columns, and strongly bound. 

Any of the above sent by mceUy poet-paid^ on receipt qf price. 
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HkeidoH d: Conipuny^s Text^DookSm 



The Science of Government in Connection with 
American Institutions. By Joseph Alden, D.D., LL.D., 
Pres. of State Normal School, Albany. 1 vol 12mo. 
Adapted to the wants of High Schools and Colleges. 

Alden^s Citizen^ s Manu€U: a Te^ttrBook on Government, in 
Connection with American Institutions, adapted to the wants of 
Common Schools. It is in the form of questions and answers, 
by Joseph Aldbn, X>.D,^ LLJ>. 1 vol. IGmo. 

Hereafter no American can be said to be t4ws9ML who does not thoronghly 
understand the formation of oar Qovemment. A prominent divine has said, 
that ** every vonng person should carelldly and conscientiously be taught those 
distinctive ideas which constitute the substance of our Constitution!, and which 
determine the policy of our politics ; and to this end there ought forthwith to 
be introduced into our schools a simple,, comprehensive manual, whereby the 
needed tuition should be implanted at that early period. 

Schm^itz^s Manual of Ancient History; from the Re- 
motest Times to the Overthrov^ of the Western Empire, A. D. 
476, with copious Clironologi i Tables and Index. By D^. 

Lbonhabd Schmitz, T. R. F* A^ Edinbiirgh. 

^^ • 

TJie Elefnents of TnteP^cttuU Philosophy. By Francis 

Waylawd, D.D. 1 v;], 12mo. -- 

This clearlv-written bo^/k, fh>m the pen of a scholar of eminent abilify, and 
who has had the larg'^jC experience in the education of the human mind, 
is unquestionably at tae head of text-books in InteUectual Philosophy. 

An Outline of the Necessary Laws of Thought: 

A Treatise on Pure and Applied Logic, By William Thom- 
B02T, D.D., Provost of the Queen's College, Oxford. 1 vol. 12mo. 
aoth. 

This book has been adopted as a regular text-book in Harvard, Yale, 
Rochester, New York University, &c. 

Fairchilds^ Moral Philosophy ; or, TJie Science of 
Obligation. Bt J. H. Fairchilds, President of Oberlin 
College. 1 Vol. 12mo. 

The aim of this volume is to set fbrth, more fhlly than has hitherto been 
done, the doctrine that virtue, in its elementary form, consists in benevo- 
lence, and that all forms of virtuous action are modifications of this principle. 

After presenting this view of obligation, the author takes up the questions of 
Piacticai Ethics, Government and Personal Ricrhts 2.nd Duties, and treats 
them in their relation to Benevolence, aiming at a solution of the problems of 
right and wrong upon this simple principle. 

^jiKi/ of ffts above smt l>y maU, post-pakd, on reodpt qf prtce. 






